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TITLE OF THE INVENTION 

NOVEL G PROTEIN-COUPLED RECEPTOR cDNA SEQUENCE 



5 



CROSS-REFERENCE TO RELATED APPLICATIONS 
Not applicable. 



STATEMENT REGARDING FEDERALLY-SPONSORED R&D 
Not applicable. 



10 



REFERENCE TO MICROFICHE APPENDIX 
Not applicable. 



FIELD OF THE INVENTION 

This invention relates to a novel human cDNA encoding a G protein- 
1 5 coupled receptor (GPCR) having homology to members of a family of receptors for 
nucleotides and platelet-activating factor, the protein encoded by the cDNA, and 
methods of identifying selective agonists and antagonists. 

BACKGROUND OF THE INVENTION 

20 G-protein coupled receptors (GPCRs) are a very large class of 

membrane receptors that relay information from the exterior to the interior of cells. 
GPCRs function by interacting with a class of heterotrimeric proteins known as G- 
proteins. Most GPCRs function by a similar mechanism. Upon the binding of 
agonist, a GPCR catalyzes the dissociation of guanosine diphosphate (GDP) from the 

25 a subunit of G proteins. This allows for the binding of guanosine triphosphate (GTP) 
to the a subunit, resulting in the disassociation of the a subunit from the p and y 
subunits. The freed a subunit then interacts with other cellular components, and in 
the process passes on the extracellular signal represented by the presence of the 
agonist. Occasionally, it is the freed p and y subunits which transduce the agonist 

30 signal. 



hydrophobic domains, about 20-30 amino acids long, linked by sequences of 
hydrophilic amino acids of varied length. These seven hydrophobic domains 
intercalate into the plasma membrane, giving rise to a protein with seven 
35 transmembrane domains, an extracellular amino terminus, and an intracellular 



GPCRs possess common structural characteristics. They have seven 
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carboxy terminus (Strader et al., 1994, Ann. Rev. Biochem. 63:101-132; Schertler et 
al., 1993, Nature 362:770-7721; Dohlman et al., 1991, Ann. Rev. Biochem. 60:653- 
688). 

GPCRs are expressed in a wide variety of tissue types and respond to a 
5 wide range of ligands, e.g., protein hormones, biogenic amines, peptides, lipid derived 
messengers, etc. Given their wide range of expression and ligands, it is not surprising 
that GPCRs are involved in many pathological states. This has led to great interest in 
developing modulators of GPCR activity that can be used pharmacologically. For 
example, Table 1 of Stadel et al., 1997, Trends Pharmacol. Sci. 18:430-437, lists 37 
1 0 different marketed drugs that act upon GPCRs. Accordingly, there is a great need to 
understand GPCR function and to develop agents that can be used to modulate GPCR 
activity. 

SUMMARY OF THE INVENTION 

1 5 The present invention is directed to a novel human cDNA that encodes 

a G-protein coupled receptor, HG03. The DNA encoding HG03 is substantially free 
from other nucleic acids and has the nucleotide sequence shown in SEQ.ID.NO.:!. 
Also provided is an HG03 protein encoded by the novel cDNA sequence. The HG03 
protein is substantially free from other proteins and has the amino acid sequence 

20 shown in SEQ.BD.NO.:2. Methods of expressing HG03 in recombinant systems and 
of identifying agonists and antagonists of HG03 are provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the complete cDNA sequence of HG03 
25 (SEQ.ID.NO.: 1). 

Figure 2 show the complete amino acid sequence of HG03 

(SEQ.ID.:2). 

Figure 3 A-C shows the translation of HG03 open reading frame. The 
nucleotide sequence shown is (SEQ.ID.:1). The amino acid sequence shown is 
30 (SEQ.ID.:2). 

Figure 4 shows the results of a Northern blot of the expression of 
HG03 mRNA in various human tissues. 

Figure 5 shows the alignment of the amino acid sequence of HG03 
with the amino acid sequence of the human platelet activating factor receptor 
35 (SEQ.ID.:3). / 
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DETAILED DESCRIPTION OF THE INVENTION 
For the purposes of this invention: 

"Substantially free from other proteins" means at least 90%,. preferably 
95%, more preferably 99%, and even more preferably 99.9%, free of other proteins. 
5 Thus, an HG03 protein preparation that is substantially free from other proteins will 
contain, as a percent of its total protein, no more than 1 0%, preferably no more than 
5%, more preferably no more than 1 %, and even more preferably no more than 0. 1 %, 
of non-HG03 proteins. Whether a given HG03 protein preparation is substantially 
free from other proteins can be determined by such conventional techniques of 

1 < > assessing protein purity as, e.g., sodium dodecyl sulfate polyacrylamide gel 

electrophoresis (SDS-P AGE) combined with appropriate detection methods, e.g., 
sih er staining or immunoblotting. 

"Substantially free from other nucleic acids" means at least 
JMi*V. preferably 95%, more preferably 99%, and even more preferably 

15 five of other nucleic acids; Thus,. an HG03 DNA preparation that is 

substantially free from other nucleic acids will contain, as a percent of its 
total nucleic acid, no more than 10%, preferably no more than 5%, more 
preferably no more than 1%, and even more preferably no more than 0.1%, 
of non-HG03 nucleic acids. Whether a given HG03 DNA preparation is 

20 substantially free from other nucleic acids can be determined by such 

conventional techniques of assessing nucleic acid purity as, e.g.-,' agarose 
gel electrophoresis combined with appropriate staining methods, e.g., 
ethidium bromide staining, or by sequencing. 

"Functional equivalent" means a receptor which does not 

25 have the exact same amino acid sequence of a naturally occurring G 

* protein-coupled receptor, due to alternative splicing, deletions, mutations, 
or additions, but retains at least 1%, preferably 10%, and more preferably 
25% of the biological activity of the naturally occurring receptor. Such 
derivatives will have a significant homology with a natural GPCR and 

30 genes and cDNA encoding such derivatives can be detected by reduced 

stringency hybridization with a DNA sequence encoding a natural GPCR. 
The nucleic acid encoding a functional equivalent has at least about 50% 
homology at the nucleotide level to a naturally occurring receptor nucleic 
acid. 
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A polypeptide has "substantially the same biological activity" as HG03 
if that polypeptide has a K<j for a ligand that is no more than 5-fold greater than the 
K<j of HG03 for the same ligand. 

A "conservative amino acid substitution" refers to the 
5 replacement of one amino acid residue by another, chemically similar, 
amino acid residue. Examples of such conservative substitutions are: 
substitution of one hydrophobic residue (isoleucine, leucine, valine, or 
methionine) for another; substitution of one polar residue for another 
polar residue of the same charge (e.g., arginine for lysine; glutamic acid for 
10 asp ar tic acid). 

One aspect of this invention is the identification and cloning 
of a novel G protein-coupled receptor (GPGR), substantially free from 
receptor associated proteins, designated as HG03. 

Another aspect of this invention is nucleic acids which encode 
15 the HG03 G protein-coupled receptor. These nucleic acids are 

substantially free from associated nucleic acids. For most cloning 
purposes, DNA is a preferred nucleic acid. 

The present invention provides a cDNA molecule substantially free 
from other nucleic acids having the nucleotide sequence shown in FIGURE 1 as 
20 SEQ.ID.NO. :1. Analysis of FIGURE 3A-C revealed that SEQ.ID.NO:! contains an 

open reading frame at positions 346-1419. Thus, the present invention also provides a 
cDNA molecule substantially free from other nucleic acids comprising the nucleotide 
sequence of positions 346-1419 of SEQ.ID.NO.: 1 . The present invention also 
provides recombinant DNA molecules comprising the nucleotide sequence of 
25 positions 346-1419 of SEQ.ID.NO.:l. 

Sequence analysis of the open reading frame of the HG03 
cDNA revealed that it encodes a protein of 358 amino acids. Based on its 
predicted amino acid sequence, HG03 most likely represents a novel 
GPCR. Northern blot analysis showed that HG03 RNA is highly 
30 expressed in the prostate, placenta, and trachea in human with a major 
transcript of —1.8 kb and a minor transcript of -8.0 kb. HG03 was also 
expressed at lower levels in thymus and testis as a transcript of ~1.8 kb. 
HG03 appears to be related to the members of receptors for nucleotides 
and platelet-activating factor. 
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The novel DNA sequences of the present invention encoding 
HG03, in whole or in part, can be linked with other DNA sequences, i.e., 
DNA sequences to which HG03 is not naturally linked, to form 
"recombinant DNA molecules" containing HG03. The novel DNA 
5 sequences of the present invention can be inserted into vectors which 

comprise nucleic acids encoding a GPCR or a functional equivalent. These 
vectors may be comprised of DNA or RNA; for most cloning purposes DNA 
vectors are preferred. Typical vectors include plasmids, modified viruses, 
bacteriophage and cosmids, yeast artificial chromosomes and other forms 
1 0 of episomal or integrated DNA that can encode a GPCR. It is well within 
the skilled artisan to determine an appropriate vector for a particular 
gene transfer or other use. 

Included in the present invention are cDNA sequences that hybridize 
to SEQ.ID.NO.:l under stringent conditions. By way of example, and not limitation, 
15 a procedure using conditions of high stringency is as follows: Prehybridization of 

filters containing DNA is carried out for 2 hr. to overnight at 65°C in buffer composed 
of 6X SSC, 5X Denhardt's solution, and 100 |ig/ml denatured salmon sperm DNA. 
Filters are hybridized for 12 to 48 hrs at 65°C in prehybridization mixture containing 
100 fig/ml denatured salmon sperm DNA and 5-20 X 10 6 cpm of 32 P-labeled probe. 
20 Washing of filters is done at 37°C for 1 hr in a solution containing 2X SSC, 0.1% 

SDS. This is followed by a wash in 0. 1 X SSC, 0.1% SDS at 50°C for 45 min. before 
autoradiography. 

Other procedures using conditions of high stringency would include 
either a hybridization step carried out in 5XSSC, 5X Denhardfs solution, 50% 
25 formamide at 42°C for 12 to 48 hours or a washing step carried out in 0.2X SSPE, 
0.2% SDS at 65°C for 30 to 60 minutes. 

Reagents mentioned in the foregoing procedures for carrying out high 
stringency hybridization are well known in the art. Details of the composition of 
these reagents can be found in* e.g., Sambrook, Fritsch, and Maniatis, 1989, 
30 Molecular Cloning: A Laboratory Manual , second edition, Cold Spring Harbor 

Laboratory Press. In addition to the foregoing, other conditions of high stringency 
which may be used are well known in the art. 

Another aspect of the present invention includes host cells that have 
been engineered to contain and/or express DNA sequences encoding HG03. Such 
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recombinant host cells can be cultured under suitable conditions to produce HG03. 
An expression vector containing DNA encoding HG03 can be used for expression of 
HG03 in a recombinant host cell. Recombinant host cells may be prokaryotic or 
eukaryotic, including but not limited to, bacteria such as E. coli, fungal cells such as 
5 yeast, mammalian cells including, but not limited to, cell lines of human, bovine, 
porcine, monkey and rodent origin, and insect cells including but not limited to 
Drosophila and silkworm derived cell lines. Cell lines derived from mammalian 
species which are suitable for recombinant expression of HG03 and which are 
commercially available, include but are not limited to, L cells L-M(TK") (ATCC CCL 

10 1 .3 ). L cells L-M (ATCC CCL 1.2), 293 (ATCC CRL 1573), Raji (ATCC CCL 86), 
CV-I (ATCC CCL 70), COS-1 (ATCC CRL 1650), COS-7 (ATCC CRL 1651), 
CHO-K 1 (ATCC CCL 61), 3T3 (ATCC CCL 92), NIH/3T3 (ATCC CRL 1658), 
HeLa (ATCC CCL 2), C127I (ATCC CRL 1616), BS-C-1 (ATCC CCL 26) and 
MRC-5 (ATCC CCL 171). 

1 5 Human embryonic kidney (HEK 293) cells and Chinese hamster ovary 

(CHO) cells are particularly suitable for expression of the HG03 protein because these 
cells express a large number of G-proteins. Thus, it is likely that at least one of these 
G-proteins will be able to functionally couple the signal generated by interaction of 
HG03 and its ligands, thus transmitting this signal to downstream effectors, 

20 eventually resulting in a measurable change in some assayable component, e.g., 
cAMP level, expression of a reporter gene, hydrolysis of inositol lipids, or 
intracellular Ca2+ levels. 

A variety of mammalian expression vectors can be used to express 
recombinant HG03 in mammalian cells. Commercially available mammalian 

25 expression vectors which are suitable include, but are not limited to, pCR2.1 

(Invitrogen), pMClneo (Stratagene), pSG5 (Stratagene), pcDNAI and pcDNAIamp, 
pcDNA3, pcDNA3.1, pCR3.1 (Invitrogen), EBO-pSV2-neo (ATCC 37593), pBPV- 
1(8-2) (ATCC 371 10), pdBPV-MMTneo(342-12) (ATCC 37224), pRSVgpt (ATCC 
37199), pRSVneo (ATCC 37198), and pSV2-dhfr (ATCC 37146). Following 

30 expression in recombinant cells, HG03 can be purified by conventional techniques to 
a level that is substantially free from other proteins. 

As with many receptor proteins, it is possible to modify many of the 
amino acids of HG03, particularly those which are not found in the ligand binding 
domain, and still retain substantially the same biological activity as the original 

35 receptor. Thus this invention includes modified HG03 polypeptides which have 
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amino acid deletions, additions, or substitutions but that still retain substantially the- 
same biological activity as HG03. It is generally accepted that single amino acid 
substitutions do not usually alter the biological activity of a protein (see, e.g., 
Molecular Biology of the Gene . Watson et al , 1987, Fourth Ed., The 
5 Benjamin/Cummings Publishing Co., Inc., page 226; and Cunningham & Wells, 
1989, Science 244:1081-1085). Accordingly, the present invention includes 
polypeptides where one amino acid substitution has been made in SEQ.ID.NO.:2 
wherein the polypeptides still retain substantially the same biological activity as 
HG03. The present invention also includes polypeptides where two or more amino 

10 acid substitutions have been made in SEQ.ID.NO.:2 wherein the polypeptides still 
retain substantially the same biological activity as HG03. In particular, the present 
invention includes embodiments where the above-described substitutions are 
conservative substitutions. In particular, the present invention includes embodiments 
where the above-described substitutions do not occur in the ligand-binding domain of 

15 HG03. 

The present invention also includes C-terminal truncated forms of 
HG03, particularly those which encompass the extracellular portion of the receptor, 
but lack the intracellular signaling portion of the receptor. Such truncated receptors 
are useful in various binding assays described herein, for crystallization studies, and 

20 for structure-activity-relationship studies. 

Romano et aL, 1996, J. Biol. Chem. 271:28612-28616 
demonstrated that some GPCRs are often found as homodimers formed by 
an intermolecular disulfide bond. The location of the cysteines responsible 
for the disulfide bond was found to be in the amino terminal 17 kd of the 

25 receptors. Accordingly, the present invention includes dimers of HG03 
proteins. 

It has been found that, in some case, membrane spanning regions of 
receptor proteins can be used to inhibit receptor function (Ng et aL, 1996, Biochem. 
Biophys. Res. Comm. 227:200-204; Hebert e t aL, 1996, J. Biol; Chem. 271, 16384- 
30 16392; Lofts et al., Oncogene 8:2813-2820). Accordingly, the present invention 

provides peptides derived from the seven membrane spanning regions of HG03 and : 
their use to inhibit HG03 function. Such peptides can include the whole or parts of 
the receptor membrane spanning domains. 

The present invention also includes chimeric HG03 proteins. Chimeric 
35 HG03 proteins consist of a contiguous polypeptide sequence of HG03 fused in frame 
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to a polypeptide sequence of a non-HG03 protein. For example, the N-terminal 
domain and seven transmembrane spanning domains of HG03 fused at the C-terminus 
in frame to a G protein would be a chimeric HG03 protein. 

The present invention also includes HG03 proteins that are in the form 
5 of multimeric structures, e.g., dimers. Such multimers of other G-protein coupled 

receptors are known (Hebert et al. y 1996, J. Biol. Chem. 271, 16384-16392; Ng et aL, 
1996, Biochem. Biophys. Res. Comm; 227, 200-204; Romano et a/., 1996, J. Biol. 
Chcm. 271,28612-28616). 

The present invention also includes isolated forms of HG03 proteins. 

1 (> By "isolated HG03 protein" is meant HG03 protein that has been isolated from a 
natural source. Use of the term "isolated" indicates that HG03 protein has been 
removed from its normal cellular environment. Thus, an isolated HG03 protein may 
be in a cell-free solution or placed in a different cellular environment from that in 
which it occurs naturally. The term isolated does not imply that an isolated HG03 

15 protein is the only protein present, but instead means that an isolated HG03 protein is 
at least 95% free of non-amino acid material (e.g., nucleic acids, lipids, 
carbohydrates) naturally associated with the HG03 protein. Thus, an HG03 protein 
that is expressed in bacteria or even in eukaryotic cells which do not naturally (i.e., 
without human intervention) express it through recombinant means is an "isolated 

20 HG03 protein." 

The specificity of binding of compounds showing affinity for HG03 is 
shown by measuring the affinity of the compounds for recombinant cells expressing 
the cloned receptor or for membranes from these cells. Expression of the cloned 
receptor and screening for compounds that bind to HG03 or that inhibit the binding of 

25 a known, radiolabeled ligand of HG03 to these cells, or membranes prepared from 
these cells, provides an effective method for the rapid selection of compounds with 
high affinity for HG03. Such ligands need not necessarily be radiolabeled but can 
also be nonisotopic compounds that can be used: to displace bound radiolabeled 
compounds or that can be used as activators in functional assays. Compounds 

30 identified by the above method are likely to be agonists or antagonists of HG03 and 
may be peptides, proteins, or non-proteinaceous: organic molecules. 

Therefore, the present invention include assays by which 
HG03 agonists and antagonists may be identified. Methods for identifying 
agonists and antagonists of other receptors are well known in the art and 

35 can be adapted to identify agonists and antagonists of HG03. For 
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example, Cascieri et al, 1992, Molec. Pharmacol: 41:1096-1099 describe a 
method for identifying substances that inhibit agonist binding to rat 
neurokinin receptors and thus are potential agonists or antagonists of 
neurokinin receptors. The method involves transfecting COS cells with 
5 expression vectors containing rat neurokinin receptors, allowing the 
transfected cells to grow for a time sufficient to allow the neurokinin 
receptors to be expressed, harvesting the transfected cells and 
resuspending the cells in assay buffer containing a known radioactively 
labeled agonist of the neurokinin receptors either in the presence or the 
10 absence of the substance, and then measuring the binding of the 

radioactively labeled known agonist of the neurokinin receptor to the 
neurokinin receptor. If the amount Of binding of the known agonist is less 
in the presence of the substance than in the absence of the substance, then 
the substance is a potential agonist or antagonist of the neurokinin 
15 receptor. • 

Accordingly, the present invention includes a method for 
determining whether a substance is a potential agonist or antagonist of 
HG03 that comprises: 

(a) transfecting cells with an expression vector encoding 

20 HG03; 

(b) allowing the transfected cells to grow for a time 
sufficient to allow HG03 to be expressed; 

(c) harvesting the transfected cells and resuspending the 
cells in the presence of a known labeled agonist of HG03 in the presence 

25 and in the absence of the substance; 

(d) measuring the binding of the labeled agonist to HG03; 
where if the amount of binding of the known agonist is less in the presence 
of the substance than in the absence of the substance, then the substance 
is a potential agonist or antagonist of HG03. 

30 In a modification of the above-described method, step (b) is 

modified in that the cells are stably transfected with the expression vector 
containing HG03. In another modification of the above-described method, 
step (c) is modified in that the cells are not harvested and resuspended but 
rather the radioactively labeled known agonist and the substance are 
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contacted with the cells while the cells are attached to a substratum, e.g., 
tissue culture plates. 

The conditions under which step (c) of the method is 
practiced are conditions that are typically used in the art for the study of 
5 protein-ligand interactions: e.g., physiological pH; salt conditions such as 
those represented by such commonly used buffers as PBS or in tissue 
culture media; a temperature of about 4°G to about 55°C. 

... In a particular embodiment of the above-described method, 
the cells are eukary otic cells. In another embodiment, the cells are 

10 mammalian cells. In other embodiments, the cells are L cells L-M(TK") 

(ATCC CCL 1.3), L cells L-M (ATCC CGL 1.2), 293 (ATCC CRL 1573), Raji 
(ATCC CCL 86), CV-1 (ATCC CCL 70), COS-1 (ATCC CRL 1650), COS-7 
(ATCC CRL 1651), CHO-Kl (ATCC CCL 61), 3T3 (ATCC CCL 92), 
NIH/3T3 (ATCC CRL 1658), HeLa (ATCC CCL 2), C127I (ATCC CRL 

15 1616), BS-C-1 (ATCC CCL 26) or MRC-5 (ATCC CCL 171). 

The present invention also includes a method for determining 
whether a substance is capable of binding to HG03, i.e., whether the 
substance is a potential agonist or an antagonist of HG03, where the 
method comprises: 

20 (a) providing test cells by transfecting cells with an 

expression vector that directs the expression of HG03 in the cells; 

(b) exposing the test cells to the substance; 

(c) measuring the amount of binding of the substance to 

HG03; 

25 (d) comparing the amount of binding of the substance to 

HG03 in the test cells with the amount of binding of the substance to 
control cells that have not been transfected with HG03; 

wherein if the amount of binding of the substance is greater 
in the test cells as compared to the control cells, the substance is capable 

30 of binding to HG03 Determining whether the substance is actually an 
agonist or antagonist can then be accomplished by the use of functional 
assays such as, e.g., the assay involving the use of promiscuous G-proteins 
described below. 
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The conditions under which step (b) of the method is 
practiced are conditions that are typically used in the art for the study of 
protein-ligand interactions: e.g;, physiological pH; salt conditions such as 
those represented by such commonly used buffers as PBS or in tissue 
5 culture media; a temperature of about 4°C to about 55°G. 

The assays described above can be carried out with cells that 
have been transiently or stably transfected with HG03. Transfection is 
meant to include any method known in the art for introducing HG03 into 
the test cells. For example, transfection includes calcium phosphate or 
10 calcium chloride mediated transfection, lipofection, infection with a i : 
retroviral construct containing HG03, and electroporation. 

Where binding of the substance or agonist to HG03 is 
measured, such binding can be measured by employing a labeled 
substance or agonist. The substance or agonist can be labeled in any 
15 convenient manner known to the art, e.g., radioactively, fluorescently, 
enzymatically. 

In particular embodiments of the above-described methods, HG03 has 
an amino acid sequence of SEQ.ID.NO.:2. 

The above-described methods can be modified in that, rather 
20 than exposing the test cells to the substance, membranes can be prepared 
from the test cells and those membranes can be exposed to the substance. 
Such a modification utilizing membranes rather than cells is well known 
in the art and is described in, e.g., Hess et ai y 1992, Biochem. Biophys. 
Res. Comm. 184:260-268. 
25 Accordingly, the present invention provides a method for 

determining whether a substance is capable of binding to HG03 
comprising: 

(a) providing test cells by transfecting cells with an 
expression vector that directs the expression of HG03 in the cells; 
30 (*>) preparing membranes containing HG03 from the test 

cells and exposing the membranes from the test cells to the substance; 

( c ) measuring the amount of binding of the substance to 
the HG03 in the membranes from the test cells; 
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(d) comparing the amount of binding of the substance to HG03 in 
the membranes from the test cells with the amount of binding of the substance to 
membranes from control cells that have not been transfected with HG03; 

where HG03 has an amino acid sequence of SEQ.ID.NO.:2; 
5 where if the amount of binding of the substance to HG03 in the 

membranes from the test cells is greater than the amount of binding of the substance 
to the membranes from the control cells, then the substance is capable of binding to 
HG03. 

The present invention provides a method for determining 
10 whether a substance is capable of binding to HG03 comprising: 

(a) providing test cells by transfecting cells with an 
expression vector that directs the expression of HG03 in the cells; 

(b) exposing the test cells to a ligand of HG03 under 
conditions such that the ligand binds to the HG03 in the test cells; 

15 (c) subsequently or concurrently to step (b), exposing the 

cells to a substance that is suspected of being capable of binding to HG03; 

(d) measuring the amount of binding of the ligand to 
HG03 in the presence and the absence of the substance; 

(e) comparing the amount of binding of the ligand to HG03 in the 
20 presence and the absence of the substance where a decrease in the amount of binding 

of the ligand to HG03 in the presence of the substance indicates that the substance is 
capable of binding to HG03; 

where HG03 has an amino acid sequence of SEQ.ID.NO.:2. 

The present invention provides a method for determining 
25 whether a substance is capable of binding to HG03 comprising: 

(a) providing test cells by transfecting cells with an 
expression vector that directs the expression of HG03 in the cells; 

(b) preparing membranes containing HG03 from the test 
cells and exposing the membranes to a ligand of HG03 under conditions 

30 such that the ligand binds to the HG03 in the membranes; 
^ (c) subsequently or concurrently to step (b), exposing the 

membranes from the test cells to a substance; 

(d) measuring the amount of binding of the ligand to the 
HG03 in the membranes in the presence and the absence of the substance; 
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(e) comparing the amount of binding of the ligand to HG03 in the 
membranes in the presence and the absence of the substance where a decrease in the 
amount of binding of the ligand to HG03 in the membranes in the presence of the 
substance indicates that the substance is capable of binding to HG03 ; 
5 where HG03 has an amino acid sequence of SEQID.NO.:2. 

As a further modification of the above-described methods, 
RNA encoding HG03 can be prepared as, e.g., by in vitro transcription 
using a plasmid containing HG03 under the control of a bacteriophage T7 • 
promoter, and the RNA can be microinjected into Xenopus oocytes in order 

10 to cause the expression of HG03 in the oocytes. Substances are then 

tested for binding to the HG03 expressed in the oocytes. Alternatively, 
rather than detecting binding, the effect of the substances on the 
electrophyvSiological properties of the oocytes can be determined. 

The present invention includes assays by which HG03 

15 agonists and antagonists may be identified by their ability to stimulate or 
antagonize a functional response mediated by HG03. HG03 belongs to the 
class of proteins known as G-protein coupled receptors (GPCRs). GPCRs 
transmit signals across cell membranes upon the binding of ligand. The 
ligand-bound GPCR interacts with a heterotrimeric G-protein, causing the 

20 Ga subunit of the G-protein to disassociate from the Gp and Gy subunits. 
The Ga subunit can then go on to activate a variety of second messenger 
systems. 

Generally, a particular GPCR is only coupled to a particular 
type of G-protein. Thus, to observe a functional response from the GPCR, 

25 it is necessary to ensure that the proper G-protein is present in the system 
containing the GPCR. It has been found, however, that there are certain 
G-proteins that are "promiscuous." These promiscuous G-proteins will 
couple to, and thus transduce a functional signal from, virtually any 
GPCR. See, Offermanns & Simon, 1995, J. Biol. Chem. 270:15175, 15180 

30 (Offermanns). Offermanns described a system in which cells are 

transfected with expression vectors that result in the expression of one of . 
a large number of GPCRs as well as the expression of one of the 
promiscuous G-proteins Gal5 or Gal6. Upon the addition of an agonist of 
the GPCR to the transfected cells, the GPCR was activated and was able, 
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via Gal5 or Gal6, to activate the p isoform of phospholipase C, leading to 
an increase in inositol phosphate levels in the cells. 

Therefore, by making use of those promiscuous G-proteins as 
in Offermanns, it is possible to set up functional assays for HG03, even in 
the absence of knowledge of the G-protein with which HG03 is coupled in 
vivo: One possibility is to create a fusion or chimeric protein composed of 
the extracellular and membrane spanning portion of HG03 fused to a 
promiscuous G-protein. Such a fusion protein would be expected to 
transduce a signal following binding of ligand to the HG03 portion of the 
fusion protein. Accordingly, the present invention provides a method of 
identifying antagonists of HG03 comprising: 

(a) providing cells that expresses a chimei'ic HG03 protein 
fused at its C-terminus to a promiscuous G-protein; 

(b) exposing the cells to an agonist of HG03; 

(c) subsequently or concurrently to step (b), exposing the 
cells to a substance that is a suspected antagonist of HG03; 

(d) measuring the level of inositol phosphates in the cells; 
where a decrease in the level of inositol phosphates in the cells in the 

presence of the substance as compared to the level of inositol phosphates in the cells 
in the absence of the substance indicates that the substance is an antagonist of HG03. 

Another possibility for utilizing promiscuous G-proteins in 
connection with HG03 includes a method of identifying agonists of HG03 
comprising: 

(a) providing cells that expresses both HG03 and a 
promiscuous G-protein; 

(b) exposing the cells to a substance that is a suspected 
agonist of HG03; 

(c) measuring the level of inositol phosphates in the cells; 
where an increase in the level of inositol phosphates in the 

cells as compared to the level of inositol phosphates in the cells in the 
absence of the suspected agonist indicates that the substance is an agonist 
of HG03. 

Levels of inositol phosphates ca:n be measured by monitoring 
calcium mobilization. Intracellular calcium mobilization is typically 
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assayed in whole cells under a microscope using fluorescent dyes or in cell 
suspensions via luminescence using the aequorin assay. 

In a particular embodiment of the above -de scribed method, 
the cells are eukaryotic cells. In another embodiment, the cells are ' 
5 mammalian cells. In other embodiments, the cells are L cells L-M(TK') 
(ATCC CCL 1.3), L cells L-M (ATCC CCL 1.2), 293 (ATCC CRL 1573), Raji 
(ATCC CCL 86), CV-1 (ATCC CCL 70), COS- 1 (ATCC CRL 1650), COS-7 
(ATCC CRL 1651), CHO-Kl (ATCC CCL 61), 3T3 (ATCC CCL 92), 
NIH/3T3 (ATCC CRL 1658), HeLa (ATCC CCL 2), C127I (ATCC CRL 
H) 161(5). BS-C-1 (ATCC CCL 26) or MRC-5 (ATCC CCL 171). 

*ln a particular embodiment of the above-described method, 
i In- rolls are transfected with expression vectors that diriect the expression 
of IKUKJ and the promiscuous G-protein in the cells. 

The conditions under which step (b) of the method is 
15 practiced are conditions that are typically used in the art for the study of 
prolein-ligand interactions: e.g., physiological pH; salt conditions such as 
those represented by such commonly used buffers as PBS or in tissue 
culture media; a temperature of about 4°C to about 55°C. 

In a particular embodiment of the above-described method, 
20 the promiscuous G-protein is selected from the group consisting of Gctl5 or 
Gul6. Expression vectors containing Gctl5 or Gal6 are known in the art. 
See, e.g., Offermanns; Buhl et aZ., 1993, FEBS Lett. 323:132-134; 
Amatruda et al y 1993, J. Biol. Chem. 268:10139-10144. 

The above-described assay can be easily modified to form a 
25 method to identify antagonists of HG03. Such a method is also part of the 
present invention and comprises: 

(a) providing cells that expresses both HG03 and a 
promiscuous G-protein; 

(b) exposing the cells to a substance that is an agonist of 

30 HG03; 

(c) subsequently or concurrently to step (b), exposing the 
cells to a substance that is a suspected antagonist of HG03; 

(d) measuring the level of inositol phosphates in the cells; 
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where a decrease in the level of inositol phosphates in the 
cells in the presence of the suspected antagonist as compared to the level 
of inositol phosphates in the cells in the absence of the suspected 
antagonist indicates that the substance is an antagonist of HG03. 
5 In a particular embodiment of the above-described method, 

the cells are eukaryotic cells. In another embodiment, the cells are 
mammalian -cells. In other embodiments, the cells are L cells L-M(TK') 
(ATCC CCL 1.3), L cells L-M (ATCC CCL 1.2), 293 (ATCC CRL 1573), Raji 
(ATCC CCL 86), CV-1 (ATCC CCL 70), COS- 1 (ATCC CRL 1650), COS-7 
10 (ATCC CRL 1651), CHO-Kl (ATCC CCL 61), 3T3 (ATCC CCL 92), 

NIH/3T3 (ATCC CRL 1658), HeLa (ATCC CCL 2), C127I (ATCC CRL 
1616), BS-C-1 (ATCC CCL 26) and MRC-5 (ATCC CCL 171). 

The conditions under which steps (b) and (c) of the method 
are practiced are conditions that are typically used in the art for the study 
15 of protein-ligand interactions: e.g., physiological pH; salt conditions such 
as those represented by such commonly used buffers as PBS or in tissue 
culture media; a temperature of about 4°C to about 55°C. 

In a particular embodiment of the above-described method, 
the cells are transfected with expression vectors that direct the expression 
20 of HG03 and the promiscuous G-protein in the cells. 

In a particular embodiment of the above-described method, 
the promiscuous G-protein is selected from the group consisting of Gal5 or 
Gal6. 

In particular embodiments of the above-described methods, HG03 has 
25 an amino acid sequence of SEQ.ID.NO.:2. 

Another embodiment of the present invention are methods of 
expressing HG03 in recombinant systems and of identifying agonists and antagonists 
of HG03, and for counter-screening. 

When screening compounds in order to identify potential 
30 pharmaceuticals that specifically interact with a target receptor, it is 
necessary to ensure that the compounds identified are as specific as 
possible for the target receptor. To do this, it is necessary to screen the 
compounds against as wide an array as possible of receptors that are 
similar to the target receptor. Thus, in order to find compounds that are 
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potential pharmaceuticals that interact with receptor A, it is necessary not 
only to ensure that the compounds interact with receptor A (the "plus 
target") and produce the desired pharmacological effect through receptor 
A, it is also necessary to determine that the compounds do not interact 
5 with receptors B, C, D, etc. (the "minus targets"). In general, as part of a 
screening program, it is important to have as many minus targets as 
possible (see Hodgson, 1992, Bio/Technology 10:97-3*980; at 980). HG03 
proteins and DNA encoding HG03 proteins have utility in that they can be 
used as "minus targets" in screens design to identify compounds that 

10 specifically interact with other G-protein coupled receptors. 

The present invention also includes antibodies to the HG03 
protein. Such antibodies may be polyclonal antibodies or monoclonal 
antibodies. The antibodies of the present invention are raised against the 
entire HG03 protein or against suitable antigenic fragments of the pi'otein 

15 that are coupled to suitable carriers, e.g., serum albumin or keyhole limpet 
hemocyanin, by methods well known in the art. Methods of identifying 
suitable antigenic fragments of a protein are known in the art. See, e.g., 
Hopp & Woods, 1981, Proc. Natl. Acad. Sci. USA 78:3824-3828; and 
Jameson & Wolf, 1988, CABIOS (Computer Applications in the 

20 Biosciences) 4:181-186. 

For the production of polyclonal antibodies, HG03 protein or an 
antigenic fragment, coupled to a suitable carrier, is injected on a periodic basis into an 
appropriate non-human host animal such as, e.g., rabbits, sheep, goats, rats, mice. 
The animals are bled periodically and sera obtained are tested for the presence of 

25 antibodies to the injected antigen. The injections can be intramuscular, 

intraperitoneal, subcutaneous, and the like, and can be accompanied with adjuvant. 

For the production of monoclonal antibodies, HG03 protein or an 
antigenic fragment, coupled to a suitable carrier, is injected into an appropriate non- 
human host animal as above for the production of polyclonal antibodies. In the case 

30 of monoclonal antibodies, the animal is generally a mouse. The animal's spleen cells 
are then immortalized, often by fusion with a myeloma cell, as described in Kohler & 
Milstein, 1975, Nature 256:495-497. For a fuller description of the production of 
monoclonal antibodies, see Antibodies: A Laboratory Manual . Harlow & Lane, eds., 
Cold Spring Harbor Laboratory Press, 1988. 
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Gene therapy may be used to introduce HG03 polypeptides into the 
cells of target organs. Nucleotides encoding HG03 polypeptides can be ligated into 
viral vector^ which mediate transfer of the nucleotides by infection of recipient cells. 
Suitable viral vectors include retrovirus, adenovirus, adeno-associated virus, herpes 
5 virus, vaccinia virus, and polio virus based vectors. Alternatively, nucleotides 

encoding HG03 polypeptides can be transferred into cells for gene therapy by non- 
viral techniques including receptor-mediated targeted transfer using ligand-nucleotide 
conjugates, lipofection, membrane fusion, or direct microinjection. These procedures 
arid variations thereof are suitable for ex vivo as well as in vivo gene therapy. Gene 
10 therapy with HG03 polypeptides will be particularly useful for the treatment of 
diseases where it is beneficial to elevate HG03 activity. 

The following non-limiting examples are presented to better illustrate 

the invention. 

15 

EXAMPLE 1 

Cloninu and sequencing of HG03 

The full-length coding sequence of HG03 was isolated by multiple 
rounds of RCCA from a prostate cDNA library. Originally, the HG03 gene was 

20 named AOMF1 5 but was designated later HG03. The primer pair, F216 +R369 was 
initially used to scan the 1-2. 5KB and 2.5KB prostate cDNA libraries. Positive pools 
were identified where nested insert-vector PCRs were then carried out using the 
following combinations of primers: first round PGR reactions, F216+543R, 
F216+873F, and R369+543R, R369+873F; nested second round PCR reaction, 

25 F325+578R, R280+383F. The list of primers used for the isolation of HG03: 

. AOMF15.F216 CCAGGCAAACATTACACGCA .(SEQ . ID .NO . : 4 ) 

AOMF15.F3 25 GAATTCTGCACAAGTGATACGGTA (SEQ .ID. NO. :5) 

AOMF1 5 . R2 8 0 CAGGCTTTTAGATGAATCTGCA (SEQ ..ID .NO . : 6) 

30 AOMF15.R369 AGCATGAGGGTTGTTGTGGC ( SEQ - ID . NO . : 7 ) 

HG03.37R GCGTGTCAGGAAACACTTGG . . (SEQ. ID. NO. : 8) 

HG0 3_FL2 4 3 F AAAGAAAT CAAACCAGGAAT AAC C ( SQ . ID . NO . : 9 ) 

HG03_FL1429R CTTTGTACATAT CGATTC CAACACAC (SEQ . ID. NO .: 10) 
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PBS . 873F CCCAGGCTTTACACTTTATGCTTCC (SEQ. ID. NO. : 11) 

PBS . 54 3R GGGGATGTGCTGCAAGGCGA ( SEQ . ID . NO. : 12 ) 

PCR reactions were carried out with AmpliTaq (Perkin Elmer, CA and 
5 .. Taq extender (Stratagene) under the conditions suggested by the supplier of Taq 
extender. The PCR fragments were sequenced and assembled. Complete sequence 
was obtained by using primers 37R and 1 1 1 8R by primer walking. 

The analysis of this "race" PCR and sequencing reactions resulted in 
the assembly of a contiguous fragment of 1 478 base pairs. This sequence contains an 
10 open reading frame of 358 amino acids. The full length coding sequence of HG03 
was amplified by using primers FL-243F and FL-1429R and cloned into the plasmid 
vector pCR2.1 by TA cloning (Invitrogen, Carlsbad, CA). It is well within the skilled 
artisan to determine an appropriate vector for a particular gene transfer or other use. 

15 EXAMPLE 2 

Tissue distribution of HG03 RNA transcripts 

An approximately 1 .8 kb fragment containing HG03 was randomly 
labelled with 32p_dCTP using the Megaprime DNA Labeling System (Amersham) 
and used to probe a Human MTN Blot (Clontech Cat # 7760-1, Clontech, Palo Alto, 
20 CA, USA). The MTN blot was hybridized in Expresshyb (Clontech) containing 

2x 1 06 cpm/ml HG03 probe at 65°C overnight and washed to a final stringency of 0.1 
X SSC/0.5% SDS at 65°C, and then exposed to X-ray film by autoradiography. The 
results are shown in Figure 4. 

25 The present invention is not to be limited in scope by the specific 

embodiments described herein. Indeed, various modifications, of the invention in 
addition to those described herein will become apparent to those skilled in the art 
from the foregoing description. Such modifications are intended to fall within the 
scope of the appended claims. 

30 Various publications are cited herein, the disclosures of which are 

incorporated by reference in their entireties. 
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WHAT IS CLAIMED: 

1. A recombinant DNA molecule encoding a polypeptide having 
an amino acid sequence of SEQ.ID .NO. :2. 

2. The DNA molecule of Claim 1 comprising a nucleotide 
sequence selected from the group consisting of SEQJD.NO.: 1 and positions 346-1419 
ofSEQ.ID.NO.:!. 

10 3. A DNA molecule that hybridizes under stringent conditions to 

the DN A of Claim 1. 

4. An expression vector comprising the DNA of 

Claim 1. 



15 



20 



5. A recombinant host cell comprising the DNA of Claim 1 . 

6. An HG03 protein, substantially free from other proteins, having 
an amino acid sequence of SEQ.ID.NO.:2. 

7. The HG03 protein of Claim 6 containing a single amino acid 

substitution. 



8. The HG03 protein of Claim 7 where the substitution is a 
25 conservative substitution. 

9. The HG03 protein of Claim 6 containing two or more amino 
acid substitutions and substantially the same biological activity as HG03. 

30 10. A method for determining whether a substance is 

capable of binding to HG03 comprising: 

(a) providing test cells by transfecting cells with an 
" expression vector that directs the expression of HG03 in the cells; 

(b) exposing the test cells to the substance; 
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(c) measuring the amount of binding of the substance to 

HG03; 

(d) comparing the amount of binding of the substance to HG03 in 
the test cells with the amount of binding of the substance to control cells that have not 

5 been transfected with HG03; 

where HG03 has an amino acid sequence of SEQ.ID.NO.:2; 
where if the amount of binding of the substance to HG03 in 
the test cells is greater than the amount of binding of the substance to the 
control cells, then the substance is capable of binding to HG03. 
10 ....... 

11. A method for determining whether a substance is 
capable of binding to HG03 comprising: 

(a) providing test cells by transfecting cells with an 
expression vector that directs the expression of HG03 in the cells; 

15 (b) preparing membranes containing HG03 from the test 

cells and exposing the membranes from the test cells to the substance; 

(c) measuring the amount of binding of the substance to 
the HG03 in the membranes from the test cells; 

(d) comparing the amount of binding of the substance to HG03 in 
20 the membranes from the test cells with the amount of binding of the substance to 

membranes from control cells that have not been transfected with HG03; 

where HG03 has an amino acid sequence of SEQ.ID.NO.:2; 

where if the amount of binding of the substance to HG03 in the 
membranes from the test cells is greater than the amount of binding of the substance 
25 to the membranes from the control cells, then the substance is capable of binding to 
HG03. 

12. A method for determining whether a substance is 
capable of binding to HG03 comprising: 

30 (a) providing test cells by transfecting cells with an 

expression vector that directs the expression of HG03 in the cells; 

(b) exposing the test cells to a ligand of HG03 under 
conditions such that the ligand binds to the HG03 in the test cells; 
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(c) subsequently or concurrently to step (b), exposing the 
cells to a substance that is suspected of being capable of binding to HG03; 

(d) measuring the amount: of binding of the ligand to 
HG03 in the presence and the absence of the substance; 

5 (e) comparing the amount of binding of the ligand to HG03 in the 

presence and the absence of the substance where a decrease in the amount of binding 
of the ligand to HG03 in the presence of the substance indicates that the substance is 
capable of binding to HG03; 

where HG03 has an amino acid sequence of SEQ.ID.NO.:2. 

. 10 

13. A method for determining whether a substance is 
capable of binding to HG03 comprising: 

(a) providing test cells by transfecting cells with an 
expression vector that directs the expression of HG03 in the cells; 

15 (b) preparing membranes containing HG03 from the test 

cells and exposing the membranes to a ligand of HG03 under conditions 
such that the ligand binds to the HG03 in the membranes; 

(c) subsequently or concurrently to step (b), exposing the 
membranes from the test cells to a substance; 

20 (d) measuring the amount of binding of the ligand to the 

HG03 in the membranes in the presence and the absence of the substance; 

(e) comparing the amount of binding of the ligand to HG03 in the 
membranes in the presence and the absence of the substance where a decrease in the 
amount of binding of the ligand to HG03 in the membranes in the presence of the 

25 substance indicates that the substance is capable of binding to HG03; 

where HG03 has an amino acid sequence of SEQ.ID.NO.:2. 

14. A method for determining whether a substance is a 
potential agonist or antagonist of HG03 that comprises: 

30 (a) transfecting cells with an expression vector containing 

HG03; 

(b) allowing the transfected cells to grow for a time 
sufficient to allow HG03 to be expressed; 
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(c) harvesting the transfected cells and resuspending the 
cells in assay buffer containing a known labeled agonist of HG03 in the 
presjence and in the absence of the substance; 

(d) measuring the binding of the known labeled agonist to HG03; 

5 where if the amount of binding of the known labeled agonist is less in the presence of 
the substance than in the absence of the substance, then the substance is a potential 
agonist or antagonist of HG03; 

where HG03 has an amino acid sequence of SEQilD.NO.:2. 

15. A method of identifying agonists of HG03 comprising: 

(a) providing cells that expresses both HG03 and a 
promiscuous G-protein; 

(b) exposing the cells to a substance that is a suspected 
agonist of HG03; 

(c) measuring the level of inositol phosphates in the cells; 
where an increase in the level of inositol phosphates in the 

cells in the presence of the substance as compared to the level of inositol 
phosphates in the cells in the absence of the substance indicates that the 
substance is an agonist of HG03; 

where HG03 has an amino acid sequence of SEQ.LD.NO.:2. 

16. A method identifying antagonists of HG03 comprising: 

(a) providing cells that expresses both HG03 and a 
promiscuous G-pi'otein; 

(b) exposing the cells to an agonist of HG03; 

(c) subsequently or concurrently to step (b), exposing the 
cells to a substance that is a suspected antagonist of HG03; 

(d) measuring the level of inositol phosphates in the cells; 
where a decrease in the level of inositol phosphates in the 

cells in the presence of the substance as compared to the level of inositol 
phosphates in the cells in the absence of the substance indicates that the 
substance is an antagonist of HG03; 

where HG03 has an amino acid sequence of SEQ.ID.NO.:2. 
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17. A method of identifying antagonists of HG03 

comprising: 

< (a) providing cells that expresses a chimeric HG03 protein 
fused at its C-terminus to a promiscuous G-protein; 
5 (b) exposing the cells to an agonist of HG03; 

(c) subsequently or concurrently to step (b), exposing the 
cells to a substance that is a suspected antagonist of HG03; 

(d) measuring the level of inositol phosphates in the cells; 
. where a decrease in the level of inositol phosphates in the 

10 cells in the presence of the substance as compared to the level of inositol 
phosphates in the cells in the absence of the substance indicates that the 
substance is an antagonist of HG03; 

where the HG03 protein has an amino acid sequence of SEQ.ID.NO.:2 

15 18; An antibody that binds specifically to HG03 where HG03 has 

an amino acid sequence of SEQ.ID.NO.:2. 

19. A method of. expressing a truncated version of HG03 protein 

comprising: 

20 (a) transfecting a host cell with a expression vector that encodes an 

HG03 protein that has been truncated at the amino terminus; 

(b) culturing the transfected cells of step (a) under conditions such 
that the truncated HG03 protein is expressed. 

25 v 20. The method of Claim 19 where the truncated HG03 protein is a 

chimeric HG03 protein. 
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FIG. 1 cDNA Polynucleotide sequence of HG03 



1 GCAAGTTGTT 

51 AAGGACAATC 

101 GAGATGTTTC 

151 TTAGTTTCAA 

2 01 GAAGACACCG 

2 51 TCAAACCAGG 

3 01 GTTTCCTGAC 
3 51 GTTCAACTTG 
401 AGAGTCACAA 
451 CTTCACAATG 
5 01 ATTTGTGGCA 
5 51 ACATTAGGAA 
601 GC AGACCTC A 
651 AGGATTTGGA 
7 01 TTTTGTTTTA 
7 51 AGCATTGATC 

. 801 GTACAGCATA 

851 TGGCTGTTTT 

9 01 GAGGACAATA 

9 51 ATGGCATACG 

1001 TGGTGATTCT 

1051 TCCAGCAGGC 

1101 GAGC ATCAGG 

1151 AC TTGTGC AG 

12 01 GAATCTGCAC 
1251 GTCTGCGTGT 

13 01 GGTCATTTTC 
13 51 GAAAGC ATC A 
1401 TTATGATTAC 
1451 . GTACAAAGTG 



CCAGTAGTCG 
TCTAAAGGGG 
GTTTTCATGC 
AGCTTATTGT 
TATGAGGTGA 
AATAACCTAT 
ACGCATCTTT 
ACGCTTGCAA 
TTCAGGCAAC 
AATTTGAC AC 
AGCATCTTGC 
TAAAACCAGC 
TAATGACGCT 
CCTTGGTACT 
TGCAAACATG 
GCTATCTGAA 
ACCTTCACGA 
GTCTTTGCCA 
TCCATGACTG 
GCAGTCACCT 
GATCGGATGT 
AATTCATAAG 
GTTGTTGTGG 
AATTCCTTTT 
AAAAAATCCT 
AATGTTTGCC 
AAGAAGGCTG 
GATCACTGCA 
ACTGATGTGT 
TAAATAAATG 



CCTGGCAGGA 

TAAGGGAGAT 

TTTACCAGAA 

TAATTAGAGA 

ATGGACAGCC 

GCTGAACCCA 

GCTTACAGTG 

AATTACCAAA 

AGGAGCGACG 

AATTGTCTTG 

TGAATGGTTT 

TTCATATTCT 

G AC ATTTC C A 

TCAAGTTTAT 

TATACTTCCA 

GGTGGTCAAG 

AGGTTTTATC 

. AAC ATCATCC ■ 

CTCAAAACTT 

ATGTGAACAG 

TACATAGCCA 

TCAGTCAAGC 

CTGTGTTTTT 

ACTTTTAGTC 

ATATTACTGC 

TGGATCCAAT 

TTCAAAAAAT 

AAGTGTGAGA 

AGGCCTTTTA 

TTTCTTTT 



GAATTTGAAA 
ACCTACCTTG 
AATCCACTTC 
CAAGAAACCT 
AGCCACCACA 
CGCCTCAATC 
CATCACAACT 
TAACGAGCTG 
GGCCAGGAAA 
CCGGTGCTTT. 
AGCAGTGTGG 
ATCTCAAAAA 
TTTCGAATAG 
TCTCTGCAGA 
TCGTGTTCCT 
CCATTTGGGG 
TGTTTGTGTT 
TGACAAATGG 
AAAAGTCCTT 
CTGCTTGTTT 
TATCCAGGTA 
CGAAAGCGAA 
TACCTGCTTT 
ACTTAGACAG 
AAAGAAATTA 
AATTTACTTT 
CAAATATCAG 
AGATCGGAAG 
TTGTGTGTTG 



GGGTGCCCCA 
TCTGGTAGGG 
CCTGCCGACC 
GTTTCAACTT 
ATGAAAGAAA 
GTCCCCAAGT 
GAAGAATGGG 
CACGGCCAAG 
GAACACCACC 
ATCTCATTAT 
ATCTTCTTCC 
CATAGTGGTT 
TCCATGATGC 
TACACTTCAG 
TGGGCTGATA 
ACTCTCGGAT 
TGGGTGATCA 
TCAGCCAACA 
TGGGGGTCAA 
GTGGCCGTGC 
CATCCACAAA 
AACATAACCA 
CTACCATATC 
GCTTTTAGAT 
CACTTTTCTT 
TTCATGTGTA 
AACCAGGAGT 
TTCGCATATA 
GAATCGATAT 
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FIG. 2. Predicted polypeptide sequence of HG03. 



1 MGFNLTLAKL PNNELHGQES HNSGNRSDGP GKNTTLHNEF DTIVLPVLYL 

:.51, IIFVASILLN GLAVWIFFHI RNKTSFIFYL KNIWADLIM TLTFPFRIVH 

.101 DAGFG PWYFK FILCRYTSVL FYANMYTSIV F LGL I S I DRY LKWKPFGDS 

: 151 RMYS ITFTKV LSVCVWVIMA VLSLPNIILT NGQPTEDNIH DCSKLKSPLG 

201 VKWHTAVTYV NSCLFVAVLV ILIGCYIAIS RYIHKSSRQF ISQSSRKRKH 

..251 NQSIRWVAV FFTCFLPYHL CRIPFTFSHL DRLLDESAQK ILYYCKEITL 

3 01 FLSACNVCLD PIIYFFMCRS FSRRLFKKSN IRTRSESIRS LQSVRRSEVR 

3 51 IYYDYTDV* 
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FIG. 3A. Translation of The HG03 Open Reading Frame 



10 30 50 

GCAAGTTGTTCCAGTAGTCGCCTGGGAGGAGAATTTGAAAG^ 

70 90 110 

TCTAAAGGGGTAAGGGAGATACCTAGCTTGTC 

130 150 170 

TTTACCAGAAAATCCACTTCCCTGCCGACCTTAGTTTC 

190 210 230 

GAAGAAACCTGTTTCAACTTGAAGACACCGTATGAGGTGAATGGACAGCCAGCCACCACA 

250 270 290 

ATG AAAGAAATC AAAC C AGGAATAACCTATGCTGAACC C ACGC CTC AATCGTCCCC AAGT 

310 330 350 

GTTTCCTGACACGCATCTTTGCTTACAGTGC^^ 

MetGlyPheAsnLeu 

370 390 410 

A CG CTTGCAAAATTAC C AAATAACGAGCTGC AC GGC C AAG AG AGTC AC AATTCAGGCAAC 
ThrLeuAlaLysLeuProAsnAsnGluLeuHisGlyGlnGluSerHisAsnSerGlyAsn 

430 450 470 . 

AGGAGCGACGGGCCAGGAAAGAACACCACCCTTCACAATGAATTTGACACAAT^ 
ArgSerAspGlyProGlyLysAsnThrThrLeuHisAsnGluPheAspThrlleValLeu 

490 510 530 

CCGGTGCTTTATCTCATTATATTTGTGGCAAGCATCTTGCTG 

ProValLeuTyrLeuIlellePheValAlaSerlleLeialjeuAsnGlyLexxAlaValTrp 

550 570 590 

ATCTTCTTCCAGATTAGGAATAAAACCAGCTTGAT 

I le PhePheHis 1 1 eArgAsnLysThrSer Phel 1 ePheTyrLeuLysAsnl 1 eValVal 

610 630 650 

GCAGAC CTC ATAATG ACGCTGACATTTC CATTTCGAATAGTCCATGATGCAGGATTTGGA 
AlaAspLeuIleMetThrLeuThrPheProPheArglleValHisAspAlaGlyPheGly 
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FIG. 3B. Translation of The HG03 Open Reading Frame 

670 690 710 

■ CCTTGGTACTTCAAGTTTATTCTCTGCAGATACACTTCAGTTTTGTTTTATGCAAACATG 
ProTrpTyr PheLysPhel leLeuCysArgTyrThrSerValLeuPheTyrAlaAsnMet 

730 750 770 

, . TATACTTCCATCGTGTTCCTTGGGCTGA 

TyrThrSerlleValPheLeuGlyLeuIleSerlleAspAorgTyrLeiiLysValValLys 

790 810 830 

CCATTTGGGGACTCTCGGATGTACAGCATAACCTTCACGAAGGTTTTATCTGTTTGTGTT 
ProPheGlyAspSerArgMetTyrSerlleThrPheThrLysValLeuSerValCysVal 

850 870 890 

. ■ • . TGGGTGATCATGGCTGTTTTGTCTTTGC 

, TrpVallleMetAlaValLeuSerLeuProAsnllelleLeuTlirAsnGlyGlnProThr 

910 930 950 

GAGGACAATATCCATGACTGCTCAAAACTTAAAAGTCCTTTGGGGGTCAAATGGCATACG 
GluAspAsnlleHisAspCysSerLysLeiiLysSerProLeuGlyValLysTrpHisThr 

970 990 1010 

- GCAGTCACCTATGTGAACAGCTGCTTGTTTGTGGCCGTGCTGGTGATTCTGATCGGATGT 
. AlaValThrTyrValAsnSerCysLeuPheValAlaValLeuVallleLeuIleGlyCys 

1030 1050 1070 

TACATAGCCATATCCAGGTACATCCACAAATCCAGCAGGCAATTCATAAGTCAGTCAAGC 
TyrlleAlalleSerArgTyrlleHisLysSerSerArgGlnPhelleSerGlnSerSer 

1090 1110 1130 

CGAAAGCGAAAAGATAACCAGAGCATCAGGGTTGTTC 

ArgLysArgLysHisAsnGlnSerlleArgValValValAlaValPhePheThrCysPhe 

1150 1170 1190 

. CTACCATATGACTTGTGC^^^ 

LeuProTyrHisLeuCysArglleProPheThrPheSerHisLeuAspArgLeuLeuAsp 

1210 1230 1250 

GAATCTGC7VCAAAAAATCCTATATTACTGCAAAGAA 

GluSerAlaGlnLysIleLeuTyrTyrCysLysGluIleTlorLeuPheLeuSerAlaCVs 
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FIG. 3C. Translation of The HG03 Open Reading Frame 

J 

1270 1290 1310 

AATGTTTGCCTGGATC 

AsnVal(^sLeuAspProIleIleTyrPhe^ 

1330 1350 : 1370 

TTCAAAAAATCAAATATCAGAACCAGGAGTGAAA 

PheLysLysSerAsnlleArgThrArgSerGluSerlleArgSerLeuGlnSerValArg 

1390 1410 1430 

AGATCGGAAGTTCGCATATATTATGATTACACTCAT 
ArgSerGluValArglleTyrTyrAspTyrThrAspValEnd 



1450 1470 
GAATCGATATGTACAAAGTGTAAATAAATGTTTCTTTT 
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Fig. 4 . Multi-tissue Northern Analysis of HG03. 
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FIG. 5. Alignment of the polypeptide sequences of HG03 with that of the 
human platet activating factor receptor. 
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TITLE OF THE INVENTION 

NOVEL G PROTEIN-COUPLED RECEPTOR cDNA SEQUENCE 

CROSS-REFERENCE TO RELATED APPLICATIONS 
5 Not applicable. 

STATEMENT REGARDING FEDERALLY-SPONSORED R&D 
Not applicable. 

10 REFERENCE TO MICROFICHE APPENDIX 
Not applicable. 

FIELD OF THE INVENTION 

This invention relates to a novel human cDNA encoding a G protein- 
15 boupled receptor (GPCR) having homology to members of a family of receptors for 
nucleotides and platelet-activating factor, the protein encoded by the cDNA, and 
methods of identifying selective agonists and antagonists. 



BACKGROUND OF THE INVENTION 

20 G-protein coupled receptors (GPCRs) are a very large class of 

membrane receptors that relay information from the exterior to the interior of cells. 
GPCRs function by interacting with a class of heterotrimeric proteins known as G- 
proteins. Most GPCRs function by a similar mechanism. Upon the binding of 
agonist, a GPCR catalyzes the dissociation of guanosine diphosphate (GDP) from the 

25 d suburiit of G proteins. This allows for the binding of guanosine triphosphate (GTP) 
to the a subunit, resulting in the disassociation of the a subunit from the p and y 
subunitsf the freed a subunit then interacts with other cellular components, and in 
the process passes on the extracellular signal represented by the presence of the 
agonists Occasionally, it is the freed (3 and y subunits which transduce the agonist 

30 signal. 

■ GPCRs possess common structural characteristics. They have seven 

hydrophobic domains, about 20-30 amino acids long, linked by sequences of 
hydrophilic amino acids of varied length. These seven hydrophobic domains 
intercalate into the plasma membrane, giving rise to a protein with seven 
35 transmiembrane domains, an extracellular amino terminus, and an intracellular 
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carboxy terminus (Strader et aL, 1 994, Ann. Rev. Biochem. 63: 1 01 - 1 32; Schertler et 
al., 1993, Nature 362:770-7721; Dohlman et al., .1991, Ann. Rev, Biochem. 60:653- 
688). 

GPCRs are expressed in a wide variety of tissue types and respond to a 
5 wide range of ligands, e.g., protein hormones, biogenic amines, peptides, lipid derived 
messengers, etc. Given their wide range of expression and ligands, it is not surprising; 
that GPCRs are involved in many pathological states. This has led to great interest in 
developing modulators of GPCR activity that can beused pharmacologically. For ■ 
example, Table 1 of Stadel et al., 1 997, Trends Pharmacol. Sci. 18:430-437, lists 37 
10 different marketed drugs that act upon GPCRs. Accordingly, there is a great need to 
understand GPCR function and to develop agents that can be used to modulate GPCR 
activity. 

SUMMARY OF THE INVENTION 

15 The present invention is directed to a novel human cDNA that encodes V 

a G-protcin coupled receptor; HG03. The DNA encoding HG03 is substantially free 
from other nucleic acids and has the nucleotide sequence shown in SEQ.ID.NO.:!. 
Also provided is an HG03 protein encoded by the novel cDNA sequence. The HG03 
protein is substantially free from other proteins and has the amino acid sequence 

20 shown in SEQ.ID.NO. :2. Methods of expressing HG03 in recombinant systems and 
of identifying agonists and antagonists of HG03 are provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the complete cDNA sequence of HG03 
25 (SEQ.ID.NO.: 1). v 
Figure 2 show the complete amino acid sequence of HG03 
(SEQ.ID.:2). - * 

Figure 3A-C shows the translation of HG03 open reading frame. The 
nucleotide sequence shown is (SEQ.ID,:1). The amino acid sequence shown is) 
30 (SEQ.1D.:2). 

__^Eigure 4 shows the results of a No rthern blo t of th e expression of 

HG03 mRNA in various human tissues. . 

Figure 5 shows the alignment of the amino acid sequence of HG03 
with the amino acid sequence of the human platelet activating factor receptor 
35 (SEQ.ID.:3). 
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DETAILED DESCRIPTION OF THE INVENTION 
For the purposes of this invention: • 

"Substantially free from other proteins" means at least 90%, preferably 
95%, more preferably 99%, and even more preferably 99,9%, free of other proteins. 
5 Thus, an HG03 protein preparation that is substantially free from other proteins will 
contain, as a percent of its total protein, no more than 10%, preferably no more than 
5%, more preferably no more than 1%, and even more preferably no more than 0.1%, 
of non-HG03 proteins. Whether a given HG03 protein preparation is substantially 
free from other proteins can be determined by such conventional techniques of 

10 assessing protein purity as, e.g., sodium dodecyl sulfate polyacrylamide gel 

electrophoresis (SDS-PAGE) combined with appropriate detection methods, e.g., 
silver staining or i mm unob lotting. 

"Substantially free from other nucleic acids" means at least 
90%, preferably 95%, more preferably 99%, and even more preferably 

15 99.9%, free of other nucleic acids. Thus, an HG03 DNA preparation that is 
substantially free from other nucleic aeids will contain, as a percent of its 
total nucleic acid, no more than 10%, preferably no more than 5%, more 
preferably no more than 1%, and even more preferably no more than 0.1%, 
of non-HG03 nucleic acids. Whether a given HG03 DNA preparation is 

20 substantially free from other nucleic acids can be determined by such 

conventional techniques of assessing nucleic acid purity as, e.g., agarose 
gel electrophoresis combined with appropriate staining methods, e.g., 
ethidium bromide staining, or by sequencing. 

"Functional equivalent" means a receptor which does not 

25 have the exact same amino acid sequence of a naturally occurring G 

protein-coupled receptor, due to alternative splicing, deletions, mutations, 
or additions, but retains at least 1%, preferably 10%, and more preferably 
25% of the biological activity of the naturally occurring receptor. Such 
derivatives will have a significant homology with a natural GPCR and 

30 genes and cDNA encoding such derivatives can be detected by reduced . 
stringency hybridization with a DNA sequence encoding a natural GPCR. 
The nucleic acid encoding a functional equivalent has at least about 50% 
homology at the nucleotide level to a naturally occurring receptor nucleic 
acid. 
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A polypeptide has "substantially the same biological activity" as HG03 
if that polypeptide has a K<j for a ligand that is no more than 5-fold greater than the 
of HG03 for the same ligand. 

A "conservative amino acid substitution" refers to the 
5 replacement of one amino acid residue by : another, chemically similar; 
amino acid residue; Examples of such conservative substitutions are: 
substitution of one hydrophobic residue (isoleucine, leucine, valine, or 
methionine) for another; substitution of one polar residue for another 1 
polar residue of the same charge (e.g., arginine for lysine; glutamic acid fol- 
ic aspartic acid). 

One aspect of this invention is the identification and cloning 
of a novel G protein-coupled receptor (GPCR^ substantially free from 
ivct ptor associated proteins, designated as HG03. 

Another aspect of this invention is nucleic acids which encode 
15 the 11G03 G protein-coupled receptor. These nucleic acids are 

substantially free from associated nucleic acids. For most cloning 
purposes. DNA is a preferred nucleic acid. 

The present invention provides a cDN A molecule substantially free 
from other nucleic acids having the nucleotide sequence shown in FIGURE 1 as 
20 SEQ.lD.NO.rl. Analysis of FIGURE 3A-C revealed that SEQ.ID.NOrl contains an 
open reading frame at positions 346- 1419. Thus, the present invention also provides a 
cDNA molecule substantially free from other nucleic acids comprising the nucleotide 
sequence of positions 346-1419 of SEQ.lD.NO.rl . The present invention also 
provides recombinant DNA molecules comprising the nucleotide sequence of 
25 positions 346-1419 of SEQ.lD.NO.rl. 

Sequence analysis of the open reading frame of the HG03 
cDNA revealed that it encodes a protein of 358 amino acids. Based on its 
predicted amino acid sequence, HG03 most likely represents a novel 
GPCR. Northern blot analysis showed that HGG3 RNA is highly 
30 expressed in the prostate, placenta, and trachea in human with a major 
transcript of -1.8 kb and a minor transcript of_~8 Qkb. HG03 was also 

expressed at lower levels in thymus and testis as a transcript of -1.8 kb. 
HG03 appears to be related to the members of receptors for nucleotides 
and platelet- activating factor. 
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The novel DNA sequences of the present invention encoding 
HG03, in whole or in part, can be linked with other DNA sequences, i.e., 
DNA sequences to which HG03 is not naturally linked, to form 
"recombinant DNA molecules" containing HG03. The novel DNA 
5 sequences of the present invention can be inserted into vectors which 

comprise nucleic acids encoding a GPCR or a functional equivalent. These 
vectors may be comprised of DNA or RNA; for most cloning purposes DNA 
vectors ai*e preferred. Typical vectors include plasmids, modified viruses, 
bacteriophage and cosmids, yeast artificial chromosomes and other forms 

1 0 of episomal or integrated DNA that can encode a GPCR. It is well within 
the skilled artisan to determine an appropriate vector for a particular 
gene transfer or other use. 

Included in the present invention are cDNA sequences that hybridize 
to SEQ.ID.NO.: 1 under stringent conditions. By way of example, and not limitation, 

15 a procedure using conditions of high stringency is as follows: Prehybridization of 

filters containing DNA is carried out for 2 hr. to overnight at 65°C in buffer composed 
of 6X SSC, 5X Denhardt's solution, and 100 pig/ml denatured salmon sperm DNA. 
Filters are hybridized for 12 to 48 hrs at 65°C in prehybridization mixture containing 
100 [xg/m] denatured salmon sperm DNA and 5-20 X 10^ cpm of 32p_i a beled probe. 

20 Washing of filters is done at 37°C for 1 hr in a solution containing 2X SSC, 0.1% 

SDS. This is followed by a wash in 0.1 X SSC, 0:1% SDS at 50°C for 45 min. before 
autoradiography. 

Other procedures using conditions of high stringency would include 
either a hybridization step carried out in 5XSSC, 5X Denhardt's solution, 50% 

25 formamide at 42°C for 12 to 48 hours or a washing step carried out in 0.2X SSPE, 
0.2% SDS at 65°C for 30 to 60 minutes. 

Reagents mentioned in the foregoing procedures for carrying out high 
stringency hybridization are well known in the art. Details of the composition of 
these reagents can be found in, e.g., Sambrook, Fritsch, and Maniatis, 1989, 

3 0 Molecular Cloning: A Laboratory Manual , second edition, Cold Spring Harbor 

Laboratory Press. In addition to the foregoing, other conditions of high stringency 
which may be used are well known in the art. 

Another aspect of the present invention includes host cells that have 
been engineered to contain and/or express DNA sequences encoding HG03. Such 



- 5- 



loor.irv .-vA/r* rwwma 1 la^. 



WO 00/08133 



PCT/US99/I7388 



recombinant host cells can be cultured under: suitable conditions to produce HG03. 
An expression vector containing DNA encoding HG03 can be used for expression of 
HG03 in a recombinant host cell. Recombinant host cells may be prokaryotic or 
eukaryotic, including but not limited to, bacteria such as £■. coli, fungal cells such as 
5 yeast, mammalian cells including, but not .limited to, cell lines of human, bovine, 
porcine, monkey and rodent origin, and insectxells including but not limited to 
Drosophila and silkworm derived cell lines. Cell lines derived from mammalian 
species which are suitable for recombinant expression of HG03 and which are 
commercially available, include but are not limited to, L cells L-M(TK~) (ATCC COL 

10 1.3), L cells L-M (ATCC CCL 1.2), 293 (ATCC CRL 1573), Raji (ATCC CCL 86), 
CV-1 (ATCC CCL 70), COS- 1 (ATCC CRL 1650), COS-7 (ATCC CRL 1651), 
CHO-K1 (ATCC CCL 61 ), 3T3 (ATCC CCL 92), N1H/3T3 (ATCC CRL 1 658), 
HcLa (ATCC CCL 2), 01 271 (ATCC CRL 1616), BS-C-1 (ATCC CCL 26) and 
MRC-5 (ATCC CCL 171). 

15 Human embryonic kidney (HEK 293) cells and Chinese hamster ovary 

(CHO) cells are particularly suitable for expression of the HG03 protein because these 
cells express a large number of G-proteins. Thus, it is likely that at least one of these 
G-proteins will be able to functionally couple the signal generated by interaction of 
HG03 and its ligands, thus transmitting this signal to downstream effectors, 
20 eventually resulting in a measurable change in some assayable component, e.g., 
cAMP level, expression of a reporter gene, hydrolysis of inositol lipids, or 
intracellular Ca?+ levels. 

A variety of mammalian expression vectors can be used to express 
recombinant HG03 in mammalian cells. Commercially available mammalian 

25 expression vectors which are suitable include, but are not limited to, pCR2.1 

(Invitrogen), pMClneo (Stratagene), pSG5 (Stratagene), pcDNAI and pcDNAIamp, 
pcDNA3, pcDNA3. 1 , pCR3.1 (Invitrogen), EBO-pSV2-neo (ATCC 37593), pBPV- 
1(8-2) (ATCC 37 1 1 0), pdBPV-MMTneo(342- 1 2) (ATCC 37224), pRSVgpt (ATCC 
37199), pRSVneo (ATCC 37198), and pSV2-dhfr (ATCC 37146). Following 

30 expression in recombinant cells, HG03 can be purified by conventional techniques to 
a level that is substantially free from oth er proteins. 

As with many receptor proteins, it is possible to modify many of the 
amino acids of HG03, particularly those which are not found in the ligand binding 
domain, and still retain substantially the same biological activity as the original 
35 receptor. Thus this invention includes modified HG03 polypeptides which have 
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amino acid deletions, additions, or substitutions but that still retain substantially the 
same biological activity as HG03. It is generally accepted that single amino acid 
substitutions do not usually alter the biological activity of a protein (see, e.g., 
Molecular Biology of the Gene , Watson et a/., 1987, Fourth Ed., The 
5 Benjamin/Cummings Publishing Co., Inc., page 226; and Cunningham & Wells, 
1989, Science 244:1081-1085). Accordingly, the present invention includes 
polypeptides where one amino acid substitution has been made in SEQ.ID.NO.:2 
wherein the polypeptides still retain substantially the same biological activity as 
HG03. The present invention also includes polypeptides where two or more amino 

10 acid substitutions have been made in SEQ.ID.NO.:2 wherein the polypeptides still 
retain substantially the same biological activity as HG03. In particular, the present 
invention includes embodiments where the above-described substitutions are 
conservative substitutions. In particular, the present invention includes embodiments 
where ilie abo\ e : described substitutions do not occur in the ligand-binding domain of 

15 HGU3. 

' The present invention also includes C-terminal truncated forms of 

HG03. particularly those which encompass the extracellular portion of the receptor, 
but lack the intracellular signaling portion of the receptor. Such truncated receptors 
are useful in various binding assays described herein, for crystallization studies, and 

20 for structure-activity-relationship studies. 

Romano et al., 1996, J. Biol. Chem. 271:28612^28616 
demonstrated that some GPCRs are often found as homodimers formed by 
an intermolecular disulfide bond. The location of the cysteines responsible 
for the disulfide bond was found to be in the amino terminal 17 kd of the 

25 receptors. Accordingly , the present invention includes dimers of HG03 
proteins. 

It has been found that, in some case, membrane spanning regions of 
receptor proteins can be used to inhibit receptor function (Ng et ul. 9 1996, Biochem. 
• Biophys. Res ? Comm. 227:200-204; Hebert et aL % 1996, J. Biol. Chem. 271, 16384- 
30 16392; Lofts et al. 9 Oncogene 8:2813-2820). Accordingly, the present invention 

provides pe ptide s derived from the seve n mem b rane spanning regions o f HG03 and 
their use to inhibit HG03 function. Such peptides can include the whole or parts of 
the receptor membrane spanning domains. 

The present invention also includes chimeric HG03 proteins. Chimeric 
35 HG03 proteins consist of a contiguous polypeptide sequence of HG03 fused in frame 
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to a polypeptide sequence of a non-HG03 protein.. For example, the N-terrninal 
domain and seven transmembrane spanning domains of HG03 fused at the C-terminus 
in frame to a G protein would be a chimeric HG03 protein. 

The present invention also includes HG03 proteins that are in the form 
5 of multimeric structures, e.g., dimers. Such multimers; of other G-protein coupled 

receptors are known (Hebert et aL 9 1996, J. Biol. Chem. 271, 16384-16392; Nget al, \ 
1 996, Biochem. Biophys. Res. Comm. 227, 200-204; Romano et al. y 1996, J. Biol. . . ,, , 
Chem. 271,28612-28616). . 

The present invention also includes isolated forms of HG03 proteins. 
10 By '/isolated HG03 protein" is meant HG03 protein that has been isolated from a .-.j 
natural source. Use of the term "isolated" indicates that HG03 protein has been 
removed from its normal cellular environment. Thus, an isolated HG03 protein may ; 
be in a cell-free solution or placed in a different cellular environment from that in 
which it occurs naturally. The term isolated does not imply that an isolated HG03 

1 5 protein is the only protein present, but instead means that an isolated HG03 protein is ; 
at least 95% free of non-amino acid material (e g,, nucleic acids, lipids, 
carbohydrates) naturally associated with the HG03 protein. Thus, an HG03 protein 
that is expressed in bacteria or even in eukaryotic cells which do not naturally (i.e., 
without human intervention) express it through recombinant means is an "isolated 

20 HG03 protein." 

The specificity of binding of compounds showing affinity for HG03 is 
shown by measuring the affinity of the compounds for recombinant eel ls ; expressing 
the cloned receptor or for membranes from these cells. Expression of the cloned 
receptor and screening for compounds that bind to HG03 or that inhibit the binding of 

25 a known, radiolabeled ligand of HG03 to these cells, or membranes prepared from . 
these cells, provides an effective method for the rapid selection of compounds with 
high affinity for HG03. Such ligands need not necessarily be radiolabeled but can 
also be nonisotopic compounds that can be used to displace bound radiolabeled 
compounds or that can be used as activators in functional assays. Compounds 

30 identified by the above method are likely to be agonists or antagonists of HG03 and . 
may be peptides, proteins, or no n-pro teinaceous organic moleculgs. 

Therefore, the present invention include assays by : which 
HG03 agonists and antagonists may be identified. Methods for identifying 
agonists and antagonists of other receptors are well known in the art and 

35 can be adapted to identify agonists and antagonists of HG03. For 
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example, Cascieri et al, 1992, Molec. Pharmacol. 41:1096-1099 describe a 
method for identifying substances that inhibit agonist binding to rat 
neurokinin receptors and thus are potential agonists or antagonists of 
neurokinin receiptors. The method involves transfecting COS cells with 

5 expression vectors containing rat neurokinin receptors, allowing the 
transfected cells to grow for a time sufficient to allow the neurokinin 
receptors to be expressed, harvesting the transfected cells and 
re suspending the cells in assay buffer containing a known radioactively 
labeled agonist of the neurokinin receptors either in the presence or the 

10 absence of the substance, and then measuring the binding of the 

radioactively labeled known agonist of the neurokinin receptor to the 
neurokinin receptor. If the amount of binding of the known agonist is less 
in the presence of the substance than in the absence of the substance, then 
the substance is a potential agonist or antagonist of the neurokinin 

1 5 receptor. 

Accordingly, the present invention includes a method for 
determining whether a substance is a potential agonist or antagonist of 
HG03 that comprises: 

(a) transfecting cells with an expression vector encoding 

20 HG03; 

(b) allowing the transfected cells to grow for a time 
sufficient to allow HG03 to be expressed; 

(c) harvesting the transfected cells and resuspending the 
cells in the presence of a known labeled agonist of HG03 in the presence 

25 and in the absence of the substance; 

(d) measuring the binding of the labeled agonist to HG03; 
where if the artiount of binding of the known agonist is less in the presence 
of the substance than in the absence of the substance, then the substance 
is a potential agonist or antagonist of HG03. 

30 ; In a modification of the above-described method, step (b) is 

modified in that the cells are stably transfected with the expression vector 
containing HG03; In another modification of the above-described method, 
step (c) is modified in that the cells are not harvested and resuspended but 
rather the radioactively labeled known agonist and the substance are 
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contacted with the cells while the cells are attached to a substratum, e.g., 
tissue culture plates. 

The conditions under which step (c) of the method is 
practiced are conditions that are typically used in the art for the study of 
5 protein-ligand interactions: e.g., physiological pH; salt conditions such as 
those represented by such commonly used buffers as PBS or in tissue 
culture media; a temperature of about 4°C to about 55°C. 

In a particular embodiment of the above-described method, 
the cells are eukaryotic cells. In another embodiment, the cells are s 

10 mammalian cells. In other embodiments, the cells are L cells L-M(TR-) 

(ATCC CCL 1.3), L cells L-M (ATCC CCL 1.2), 293 (ATCC CRL 1573), Raji 
(ATCC CCL 86), CV-1 (ATCC CCL 70), COS- 1 (ATCC CRL 1650), COS-7 
(ATCC CRL 1651), CHO-Kl (ATCC CCL 61), 3T3 (ATCC CCL 92), 
NIH/3T3 (ATCC CRL 1658), HeLa (ATCC CCL 2), C127I (ATCC CRL 

15 1616), BS-C-1 (ATCC CCL 26) or MRC-5 (ATCC CCL 171). 

The present invention also includes a method for determining 
whether a substance is capable of binding to HG03, i.e., whether the 
substance is a potential agonist or an antagonist of HG03, where the 
method comprises: 

20 (a) providing test cells by transfecting cells with an 

expression vector that directs the expression of HG03 in the cells; 

(b) exposing the test cells to the substance; 

(c) measuring the amount of binding of the substance to 

HG03; 

25 (d) comparing the amount of binding of the substance to 

HG03 in the test cells with the amount of binding of the substance to 
control cells that have not been transfected with HG03; 

wherein if the amount of binding of the substance is greater 
in the test cells as compared to the control cells, the substance is capable 

30 of binding to HG03. Determining whether the substance is actually an 
agonist or antagonist can then be accomplished by the use of functional 
assays such as, e.g., the assay involving the use of promiscuous G-proteins 
described below. 
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- The conditions under which step (b) of the method is 
practiced are conditions that are typically used in the art for the study of 
protein-ligand interactions: e.g., physiological pH; salt conditions such as 
those represented by such commonly used buffers as PBS or in tissue 
5 culture media; a temperature of about 4°C to about 55°C. 

The assays described above can be carried out with cells that 
have been transiently or stably transfected with HG03. Transfection is 
meant to include any method known in the art for introducing HG03 into 
the test cells. For example, transfection includes calcium phosphate or 
10 calcium- chloride mediated transfection, lipofection, infection with a 
retroviral construct containing HG03, and electroporation. 

Where binding of the substance or agonist to HG03 is 
measured, such binding can be measured by employing a labeled 
substance or agonist. The substance or agonist can be labeled in any 
15 convenient manner known to the art, e.g., radioactively, fluorescently, 
e rizy m a tically . 

In particular embodiments of the above-described methods; HG03 has 

an amino acid sequence of SEQ.ID.NO.:2. 

The above-described methods can be modified in that, rather 
20 than exposing the test cells to the substance, membranes can be prepared 

from the test cells and those membranes can be exposed to the substance; 

Such a modification utilizing membranes rather than cells is well known 

in the art and is described in, e.g., Hess et aL, 1992, Biochem. Biophys. 

Res. Comm. 184:260-268. 
25 Accordingly, the present invention provides a method for 

determining whether a substance is capable of binding to HG03 

comprising: 

(a) providing test cells by transfecting cells with an 
expression vector that directs the expression of HG03 iii the cells; 
30 (b) preparing membranes containing HG03 from the test 

cells and-exposing the membranes from the^st-cells-£o--the substance; 

(c) measuring the amount of binding of the substance to 
the HG03 in the membranes from the test cells; 
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(d) comparing the amount of binding of the substance to HG03 in 
the membranes from the test cells with the amount- of binding of the substance to 
membranes from control cells that have not been transfected with HG03; 

where HG03 has an amino acid sequence of SEQ.ID.NO.:2; 
5 where if the amount of binding of the substance to HGG3 in the 

membranes from the test cells is greater than the amount of binding of the substance 
to the membranes from the control cells, then the substance is capable of binding to 
HG03. , : . ■ 

The present invention provides a method for. determining 
10 whether a substance is capable of binding to HG03 comprising: 

(a) providing test cells by transfecting cells with an 
expression vector that directs the expression of HG03 in the cells; 

(b) exposing the test cells to a ligand of HG03 under 
conditions such that the ligand binds to the HG03 in the test cells; 

15 (c) subsequently or concurrently to step (b), exposing the 

cells to asubstance that is suspected of being capable of binding to HG03; 

(d) measuring the amount of binding of the ligand to 
HG03 in the presence and the absence of the substance; 

(e) comparing the amount of binding of the ligand to HG03 in the 
20 presence and the absence of the substance where a decrease in the amount of binding 

of the ligand to HG03 in the presence of the substance indicates that the substance is 
capable of binding to HG03; ; 

where HG03 has an amino acid sequence of SEQ.ID.NO.:2. 

The present invention provides a method for determining 
25 whether a substance is capable of binding to HG03 comprising: 

(a) providing test cells by transfecting cells with an 
expression vector that directs the expression of HG03 in the cells; 

(b) preparing membranes containing HG03 from the test 
cells and exposing the membranes to a ligand of HG03 under conditions 

30 such that the ligand binds to the HG03 in the membranes; 

— — - -(c) subsequently or con currently tn slap. (hX-expLosing the 
membranes from the test cells to a substance; 

(d) measuring the amount of binding of the Ugand to the 
HG03 in the membranes in the presence and the absence of the substance; 
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(e) comparing the amount of binding of the ligand to HG03 in the 
membranes in the presence and the absence of the substance where a decrease in the 
amount of binding of the ligand to HG03 in the membranes in the presence of the 
substance indicates that the substance is capable of binding to HG03; 
5 where HG03 has an amino acid sequence of SEQ.ID.NO.:2. 

As a further modification of the above-described methods, 
RNA encoding HG03 can be prepared as, e.g., by in vitro transcription 
using a plasmid containing HG03 under the control of a bacteriophage T7 
promoter, and the RNA can be microinjected into Xenopus oocytes in order 

10 to cause the expression of HG03 in the oocytes. Substances are then 
tested for binding to the HG03 expressed in the oocytes. Alternatively, 
rather than detecting binding, the effect of the substances on the 
electrophysiological properties of the oocytes can be determined. 

v The present invention includes assays by which HG03 

15 agonists and antagonists may be identified by their ability to stimulate or 
antagonize a functional response mediated by HG03. HG03 belongs to the 
class of proteins known as G-protein coupled receptors (GPCRs). GPCRs 
transmit signals across cell membranes upon the binding of ligand. The 
ligand-bound GPCR interacts with a heterotrimeric G-protein, causing the 

20 Ga subunit of the G-protein to disassociate from the G|3 and Gy subunits. 
The Got subunit can then go on to activate a variety of second messenger 
systems. 

Generally, a particular GPCR is only coupled to a particular 
type of G-protein. Thus, to observe a functional response from the GPCR, 

25 it is necessary to ensure that the proper G-protein is present in the system 
containing the GPCR. It has been found, however, that there are certain 
G-proteins that are "promiscuous." These promiscuous G-proteins will 
couple to, and thus transduce a functional signal from, virtually any 
GPCR. See Offermanns & Simon, 1995, J. Biol. Chem. 270:15175, 15180 

30 (Offermanns). Offermanns described a system in which cells are 

transfected with expression vectors that result in the expression of one of 
a large number of GPCRs as well as the expression of one of the 
promiscuous G-proteins Gal5 or Gal6. Upon the addition of an agonist of 
the GPCR to the transfected cells, the GPCR was activated and was able, 
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via Gal5 or Gal6, to activate the (3 isoform of phospholipase C, leading to 
an increase in inositol phosphate levels in the cells. 

Therefore, by making use of these promiscuous G-proteins as 
in Offermanns, it is possible to set up functional assays for HG03, £ven in : 
5 the absence of knowledge of the G-protein with which HG03 is coupled in 
vivo. One possibility is to create a fusion or chimeric protein composed of ; 
the extracellular and membrane spanning poition of HG03 fused to a : 
promiscuous G-protein. Such a fusion protein would be expected to 
transduce a signal following binding of ligand to the HG03 portion of the 
10 fusion protein. Accordingly, the present invention provides a method of 
identifying antagonists of HG03 comprising: 

(a) providing cells that expresses a chimeric HG03 protein 
fused at its C-terminus to a promiscuous G-protein; ; a. 

(b) exposing the cells to an agonist of HG03; 

1 5 (c) subsequently or concurrently to step (b), exposing the > : 

cells to a substance that is a suspected antagonist of HG03; 

(d) measuring the level of inositol phosphates in the cells; 
where a decrease in the level of inositol phosphates in the cells in the 
presence of the substance as compared to the level of inositol phosphates in the cells 
20 in the absence of the substance indicates that the substance is an antagonist of HG03. 

Another possibility for utilizing promiscuous G-proteins in 
connection with HG03 includes a method of identifying agonists of HG03 
comprising: > .:• \ 

(a) providing cells that expresses both HG03 and a 
25 promiscuous G-protein; 

(b) exposing the cells to a substance that is a suspected 
agonist of HG03; 

(c) measuring the level of inositol phosphates in the cells; 
where an increase in the level of inositol phosphates in the 

30 cells as compared to the level of inositol phosphates in the cells in the 

absence-of the suspected agonist indicates^tfeat-the substance is an agonist 
of HG03. 

Levels of inositol phosphates can be measured by monitoring 
calcium mobilization. Intracellular calcium mobilization is typically 
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assayed in whole cells under a microscope using fluorescent dyes or in cell 
suspensions via luminescence using the aequorin assay. 

In a particular embodiment of the above-described method, 
the cells are eukaryotic cells. In another embodiment, the cells are 
5 mammalian cells. In other embodiments, the cells are L cells L-M(TK") 
(ATCC CCL 1.3), L cells L-M (ATCC CCL 1.2), 293 (ATCC CRL 1573), Raji 
(ATCC CCL 86), CV-1 (ATCC CCL 70), COS-1 (ATCC CRL 1650), COS-7 
(ATCC CRL 1651), CHO-Kl (ATCC CCL 61), 3T3 (ATCC CCL 92), 
NIH/3T3 (ATCC CRL 1658), HeLa (ATCC CCL 2), C127I (ATCC CRL 
10 1616), BS-C-1 (ATCC CCL 26) or MRC-5 (ATCC CCL 171). 

In a particular embodiment of the above-described method/ 
the cells are transfected with expression vectors that direct the expression 
of HG03 and the promiscuous G-protein in thei cells. 

The conditions under which step (b) of the method is 
1 5 practiced are conditions that are typically used in the art for the study of 
protein-ligand interactions: e.g., physiological pH: salt conditions such as 
those represented by such commonly used buffers as PBS or in tissue 
culture media; a temperature of about 4°C to about 55°C. 

In a particular embodiment of the above-described method, 
20 the promiscuous G-protein is selected from the group consisting of Gal5 6r 
Gal6. Expression vectors containing Gal 5 or Gal6 are known in the art. 
See, e.g., Offermanns; Buhl et aZ., 1993, FEES Lett. 323:132-134; 
Amatruda et al, 1993, J. Biol. Chem. 268:10139-10144. 

The above-described assay can be easily modified to form a 
25 method to identify antagonists of HG03. Such a method is also part of the 
present invention and comprises: 

(a) providing cells that expresses both HG03 and a 
promiscuous G-protein; 

(b) exposing the cells to a substance that is an agonist of 

30 HG03; 

— (c) subsequently or conc^ur^^tiy-to s^te^-<b)^xposing the 
cells to a substance that is a suspected antagonist of HG03; 

(d) measuring the level of inositol phosphates in the cells; 
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where a decrease in the level of inositol phosphates in the 
cells in the presence of the suspected antagonist as compared to the level 
of inositol phosphates in the cells in the absence of the suspected 
antagonist indicates that the substance is an- antagonist of HG03. 
5 In a particular embodiment of the above-described method, 

the cells are eukaryotic cells. In another embodiment, the cells are 
mammalian cells. In other embodiments, the cells are L cells L-M(TK-) 
(ATCC CCL 1.3), L cells L-M (ATCC CCL 1.2), 293 (ATCC CRL 1573), Raji 
(ATCC CCL 86), CV-1 (ATCC CCL 70), : COS-1 (ATCC CRL 1650), COS-7 
10 (ATCC CRL 1651), CHO-Kl (ATCC CCL 61), 3T3 (ATCC CCL 92), 

NIH/3T3 (ATCC CRL 1658), HeLa (ATCC CCL 2), C127I (ATCC CRL 
1616), BS-C-1 (ATCC CCL 26) and MRC-5 (ATCC CCL171). 

The conditions under which steps (b) and (c) of the method 
are practiced are conditions that are typically used in the art for the study 
15 of protein-ligand interactions: e.g., physiological pH; salt conditions such 
as those represented by such commonly used buffers as PBS or in tissue 
culture media; a temperature of about 4°C to about 55°C. 

In a particular embodiment of the above-described method, 
the cells are transfected with expression vectors that direct the expression 
20 of HG03 and the promiscuous G-protein in the cells. 

In a particular embodiment of the above-described method, 
the promiscuous G-protein is selected from the group consisting of Gal5 or 
Gal6. 

In particular embodiments of the above-described methods, HG03 has 
25 an amino acid sequence of SEQ.ID.NO.:2. 

Another embodiment of the present invention are methods of 
expressing HG03 in recombinant systems and of identifying agonists and antagonists 
of HG03, and for counter- screening. 

When screening compounds in order to identify potential 
30 pharmaceuticals that specifically interact with a target receptor, it is 
necessary to ensure that the compounds identified are as specific as 
possible for the target receptor. To do this, it is necessary to screen the 
compounds against as wide an array as possible of receptors that are 
similar to the target receptor. Thus, in order to find compounds that are 
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potential pharmaceuticals that interact with receptor A, it is necessary not 
only to ensure that the compounds interact with receptor A (the "plus 
target") and produce the desired pharmacological effect through receptor 
A, it is also necessary to determine that the compounds do not interact 
5 with receptors B, C, D, etc. (the "minus targets"). In general, as part of a 
screening program, it is important to have as many minus targets as 
possible (see Hodgson, 1992, Bio/Technology 10:973-980, at 980). HG03 
proteins and DNA encoding HG03 proteins have utility in that they can be 
used as "minus targets" in screens design to identify compounds that 

10 specifically interact with other G-protein coupled receptors. 

The present invention also includes antibodies to the HG03 
protein. Such antibodies may be polyclonal antibodies Or monoclonal 
antibodies. The antibodies of the present invention are raised against the 
entire HG03 protein or against suitable antigenic fragments of the protein 

15 that are coupled to suitable carriers, e.g., serum albumin or keyhole limpet 
hemocyanin, by methods well known in the art. Methods of identifying 
suitable antigenic fragments of a protein are known in the art. See, e.g., 
Hopp & Woods, 1981, Proc. Natl. Acad. Sci. USA 78:3824-3828; and 
Jameson & Wolf, 1988, GABIOS (Computer Applications in the 

20 Biosciences) 4:181-186. 

For the production of polyclonal antibodies, HG03 protein or an 
antigenic fragment, coupled to a suitable carrier, is injected on a periodic basis into an 
appropriate non-human host animal such as, e.g., rabbits, sheep, goats, rats, mice. 
The animals are bled periodically and sera obtained are tested for the presence of 

25 antibodies to the injected antigen. The injections can be intramuscular, 

: intraperitoneal, subcutaneous, and the like, and can be accompanied with adjuvant, 
y For the production of monoclonal antibodies, HG03 protein or an 

antigenic fragment, coupled to a suitable carrier, is injected into an appropriate non- 
human host animal as above for the production of polyclonal antibodies. In the case 

30 of monoclonal antibodies, the animal is generally at mouse. The animal's spleen cells 
are, then i mm ortalized, often by fusion with-a-myeloma cell, as-described 4n Kohler & 
Milstein* 1975, Nature 256:495-497. For a fuller description of the production of 
monoclonal antibodies, see Antibodies: A Laboratory Manual , Harlow & Lane, eds., 
Cold Spring Harbor Laboratory Press, 1988. 
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Gene therapy may be used to introduce HG03 polypeptides into the 
cells of target organs. Nucleotides encoding HG03 polypeptides can be ligated into 
viral vectors which mediate transfer of the nucleotides by infection of recipient cells. 
Suitable viral vectors include retrovirus, adenovirus, adeno-associated virus, herpes 
5 virus, vaccinia virus, and polio virus based vectors. Alternatively, nucleotides 

encoding HG03 polypeptides can be transferred into cells for gene therapy by non- 
viral techniques including receptor-mediated targeted transfer using ligand-nucleotide 
conjugates, lipofection, membrane fusion, or direct microinjection. These procedures 
and variations thereof are suitable for: ex vivo as well as in vivo gene therapy. Gene 
10 therapy with HG03 polypeptides will be particularly useful for the treatment of 
diseases where it is beneficial to elevate HG03 activity. 

The following non-limiting examples are presented to better illustrate 

the invention. 

15 

EXAMPLE 1 

Cloninu and sequencing of HG03 

The full-length coding sequence of HG03 was isolated by multiple 
rounds of RCCA from a prostate cDNA library. Originally, the HG03 gene was 

20 named AOMF1 5 but was designated later HG03. The primer pair, F2 1 6 +R369 was 
initially used to scan the 1 -2.5KB and 2.5KB prostate cDNA libraries. Positive pools 
were identified where nested insert-vector PCRs were then carried out using the 
following combinations of primers: first round PCR reactions, F2 16+543R, 
F2 1 6+873F, and R369+543R, R369+873F; nested second round PCR reaction, 

25 F325+578R, R280+383F. The list of primers used for the isolation of HG03: 

AOMF15.F216 CCAGGCAAACATTACACGCA ( SEQ ID . NO . : 4 ) 
AQMF1 5 . F3 2 5 . ; GAATTCTGCACAAGTGATACGGTA ( SEQ . ID . NO . : 5 ) . 

AQMF1.5. ..R2.80 CAGGCTTTTAHATHA ATPTHP A ( SFQ . ID . NO . : 6 ) 

3 0 AOMF1 5 . R3 6 9 AGCATCAGGGTTGTTGTGGC - ( SEQ . ID . NO . : 7 ) 

HG0 3 . 3 7R GCGTGTCAGGAAACACTTGG ( SEQ . ID . NO . : 8 ) 

HG0 3_FL24 3 F AAAGAAATC AAAC CAGGAATAACC ( SQ . ID . NO . : 9 ) 

HG03_FL1429R CTTTGTACATATCGATTCCAACACAC (SEQ. ID. NO. : 10) 
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PBS . 873F CCCAGGCTTTACACTTTATGCTTCC ( SEQ . ID . NO . : 11 ) 

PBS . 54 3 R GGGGATGTGCTGCAAGGCGA ( SEQ . ID . NO . : 1 2 ) 

PCR reactions were carried out with AmpliTaq (Perkin Elmer, CA and 
5 Taq extender (Stratagene) under the conditions suggested by the supplier of Taq 
extender. The PCR fragments were sequenced and assembled. Complete sequence 
was obtained by using primers 37R and 1 1 1 8R by primer walking. 

The analysis of this "race" PCR and sequencing reactions resulted in 
the assembly of a contiguous fragment of 1478 base pairs. This sequence contains an 
10 open reading frame of 358 amino acids. The full length coding sequence of HG03 

was amplified by using primers FL-243F and FL-1429R and cloned into the plasmid 
vector pCR2.1 by TA cloning (Invitrogen, Carlsbad, CA). It is well within the skilled 
' artisan to determine an appropriate vector for a particular gene transfer or other use. 

15 EXAMPLE 2 

Tissue distribution of HG03 RNA transcripts 

An approximately 1 .8 kb fragment containing HG03 was randomly 
labelled with 32p-dCTP using the Megaprime DNA Labeling System (Amersham) 
and used to probe a Human MTN Blot (Clontech Cat # 7760-1, Clontech, Palo Alto, 
20 CA/USA). The MTN blot was hybridized in Expresshyb (Clontech) containing 

2x 1 06 cpm/ml HG03 probe at 65°C overnight and washed to a final stringency of 0. 1 
X SSC/0.5% SDS at 65°C, and then exposed to X-ray film by autoradiography. The 
results are shown in Figure 4. 

25 The present invention is not to be limited in scope by the specific 
embodiments described herein. Indeed, various modifications of the invention in 
addition to those described herein will become apparent to those skilled in the art 
from the foregoing description. Such modifications are intended to fall within the 
scope of the ap pended claims. . 

30 Various publications are cited herein, the disclosures of which are 

incorporated by reference in their entireties. 
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WHAT IS CLAIMED: 

1. A recombinant DNA molecule encoding a polypeptide having 
an amino acid sequence of SEQ.ID.NO.:2. 

2. The DNA molecule of Claim 1 comprising a nucleotide 
sequence selected from the group consisting of SEQ.ID.NO.rl and positions 346-1419 
of SEQ.ID.NO.rl. 

10 3- A DNA molecule that hybridizes under stringent conditions to 

the DNA of Claim 1. 



15 



20 



4. An expression vector comprising the DNA of 

Claim 1. 

5. A recombinant host cell comprising the DNA of Claim 1 . 

6. An HG03 protein, substantially free from other proteins, having 
an amino acid sequence of SEQ.ID.NO.:2. 

7. The HG03 protein of Claim 6 containing a single amino acid 

substitution. 

8. The HG03 protein of Claim 7 where the substitution is a 
25 conservative substitution. 

9. The HG03 protein of Claim 6 containing two or more amino 
acid substitutions and substantially the same biological activity as HG03. 

30 10- A method for determining whether a substance is 

capable of binding to HG03 comprising: 

(a) providing test cells by transfecting cells with an 
expression vector that directs the expression of HG03 in the cells; 

(b) exposing the test cells to the substance; 
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(c) measuring the amount of binding of the substance to 

HG03; 

(d) comparing the amount of binding of the substance to HG03 in 
the test cells with the amount of binding of the substance to control cells that have not 
been transfected with HG03; 

where HG03 has an amino acid sequence of SEQ.ID.NO.:2; 

where if the amount of binding of the substance to HG03 in 
the test cells is greater than the amount of binding of the substance to the 
control cells, then the substance is capable of binding to HG03. 

11. A method for determining whether a substance is 
capable of binding to HG03 comprising: 

(a) providing test cells by transfecting cells with an 
expression vector that directs the expression of HG03 in the cells; 

(b) preparing membranes containing HG03 from the test 
cells and exposing the membranes from the test cells to the substance; 

(c) measuring the amount of binding of the substance to 
the HG03 in the membranes from the test cells; 

.(d) comparing the amount of binding of the substance to HG03 in 
the membranes from the test cells with the amount of binding of the substance to 
membranes from control cells that have not been transfected with HG03; 

where HG03 has an amino acid sequence of SEQ.ID.NO.:2; 

where if the amount of binding of the substance to HG03 in the 
membranes from the test cells is greater than the amount of binding of the substance 
to the membranes from the control cells, then the substance is capable of binding to 
HG03. 

12. A method for determining whether a substance is 
capable of binding to HG03 comprising: 

(a) providing test cells by transfecting cells with an 
expression vector that directs the expr-ession-of HG034n^he-eells; 

(b) exposing the test cells to a ligand of HG03 under 
conditions such that the ligand binds to the HG03 in the test cells; 
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(c) subsequently or concurrently to step (b), exposing the 
cells to a substance that is suspected of being capable of binding to HG03; 

(d) measuring the amount of binding of the ligand to 
HG03 in the presence and the absence of the substance; 

(e) comparing the amount of binding of the ligand to HG03 in the 
presence and the absence of the substance where a decrease in the amount of binding 
of the ligand to HG03 in the presence of the substance indicates that the substance is 
capable of binding to HG03; 

where HG03 has an amino acid sequence of SEQ.ID.NO.:2. 



13. A method for determining whether a substance is 
capable of binding to HG03 comprising: 

(a) providing test cells by transfecting cells with an 
expression vector that directs the expression of HG03 in the cells; 

15 (b) preparing membranes containing HG03 from the test 

cells and exposing the membranes to a ligand of HG03 under conditions 
such that the ligand binds to the HG03 in the membranes; 

(c) subsequently or concurrently to step (b), exposing the 
membranes from the test cells to a substance; 
20 (d) measuring the amount of binding of the ligand to the 

HG03 in the membranes in the presence and the absence of the substance; 

(e) comparing the amount of binding of the ligand to HG03 in the 
membranes in the presence and the absence of the substance where a decrease in the 
amount of binding of the ligand to HG03 in the membranes in the presence of the 
25 substance indicates that the substance is capable of binding to HG03; 

where HG03 has an amino acid sequence of SEQ.ED.NO.:2. 

14. A method for determining whether a substance is a 
potential agonist or antagonist of HG03 that comprises: 

30 (a) transfecting cells with an expression vector containing 
HG03;_ — ;. ■ - : - 

(b) allowing the transfected cells to grow for a time 
sufficient to allow HG03 to be expressed; 
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(c) harvesting the transfected cells and re suspending the 
cells in assay buffer containing a known labeled agonist of HG03 in the 
presence and in the absence of the substance; 

(d) measuring the binding of the known labeled agonist to HG03; 

5 where if the amount of binding of the known labeled agonist is less in the presence of 
the substance than in the absence of the substance, then the substance is a potential 
agonist or antagonist of HG03; 

where HG03 has an amino acid sequence of SEQ.ID.NO.:2. 

10 15. A method of identifying agonists of HG03 comprising: 

(a) providing cells that expresses both HG03 and a 
promiscuous G-protein; 

(b) exposing the cells to a substance that is a suspected 
agonist of HG03; 

15 (c) measuring the level of inositol phosphates in the cells; 

where an increase in the level of inositol phosphates in the 
cells in the presence of the substance as compared to the level of inositol 
phosphates in the cells in the absence of the substance indicates that the 
substance is an agonist of HG03; 

20 where HG03 has an amino acid sequence of SEQ.ID.NO.:2. 

16; A method identifying antagonists of HG03 comprising: 

(a) providing cells that expresses both HG03 and a 
promiscuous G-protein; 

(b) exposing the cells to an agonist of HG03; 

(c) subsequently or concurrently to step (b), exposing the 
cells to a substance that is a suspected antagonist of HG03; 

(d) measuring the level of inositol phosphates in the cells; 
where a decrease in the level of inositol phosphates in the 

cells in the presence of the substance as compared to the level of inositol 
phosphates-in the cells in the absen€e- of th e su bstanee-^ndieates that the 
substance is an antagonist of HG03; 

where HG03 has an amino acid sequence of SEQ.ID.NO.:2. 
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17. A method of identifying antagonists of HG03 

comprising: 

(a) providing cells that expresses a chimeric HG03 protein 
fused at its C-terminus to a promiscuous G-protein; 

5 (b) exposing the cells to an agonist of HG03; 

(c) subsequently or concurrently to step (b), exposing the 
cells to a substance that is a suspected antagonist of HG03; 

(d) measuring the level of inositol phosphates in the cells; 
where a decrease in the level of inositol phosphates in the 

10 cells in the presence of the substance as compared to the level of inositol 
phosphates in the cells in the absence of the substance indicates that the 
substance is an antagonist of HG03; 

where the HG03 protein has an amino acid sequence of SEQ. ID. NO.:2. 

15 18. An antibody that binds specifically to HG03 where HG03 has . 

an amino acid sequence of SEQ.ID.NO.:2. 

1 9. A method of expressing a truncated version of HG03 protein 

comprising: 

20 (a) transfecting a host cell with a expression vector that encodes an 

HG03 protein that has been truncated at the amino terminus; 

(b) culturing the transfected cells of step (a) under conditions such 
that the truncated HG03 protein is expressed. 

- 5 20. The method of Claim 19 where the truncated HG03 protein is a 

chimeric HG03 protein. 
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cDNA POLYNUCLEOTIDE SEQUENCE OF HG03 

1 GCAAGTTGTT CCAGTAGTCG CCTGGCAGGA GAATTTGAAA GGGTGCCCCA 
51 AAGGACAATC TCTAAAGGGG TAAGGGAGAT ACCTACCTTG TCTGGTAGGG 
101 GAGATGTTTC GTTTTCATGC TTTACCAGAA AATCCACTTC CCTGCCGACC 
151 TTAGTTTCAA AGCTTATTCT TAATTAGAGA CAAGAAACCT GTTTCAACTT 
201 GAAGACACCG TATGAGGTGA ATGGACAGCC AGCCACCACA ATGAAAGAAA 
251 TCAAACCAGG AATAACCTAT GCTGAACCCA CGCCTCAATC GTCCCCAAGT 
301 GTTTCCTGAC ACGCATCTTT GCTTACAGTG CATCACAACT GAAGAATGGG 
351 GTTCAACTTG ACGCTTGCAA AATTACCAAA TAACGAGCTG CACGGCCAAG 
401 AGAGTCACAA TTCAGGCAAC AGGAGCGACG GGCCAGGAAA GAACACCACC 
451 CTTCACAATG AATTTGACAC AATTGTCTTG CCGGTGCTTT ATCTCATTAT 
501 ATTTGTGGCA AGCATCTTGC TGAATGGTTT AGCAGTGTGG ATCTTCTTCC 
551 ACATTAGGAA TAAAACCAGC TTCATATTCT ATCTCAAAAA CATAGTGGTT 
601 GCAGACCTCA TAATGACGCT GACATTTCCA TTTCGAATAG TCCATGATGC 
651 AGGATTTGGA CCTTGGTACT TCAAGTTTAT TCTCTGCAGA TACACTTCAG 
701 TTTTGTTTTA TGCAAACATG TATACTTCCA TCGTGTTCCT TGGGCTGATA 
751 AGCATTGATC GCTATCTGAA GGTGGTCAAG CCATTTGGGG ACTCTCGGAT 
801 GTACAGCATA ACCTTCACGA AGGTTTTATC TGTTTGTGTT TGGGTGATCA 
851 TGGCTGTTTT GTCTTTGCCA AACATCATCC TGACAAATGG TCAGCCAACA 
901 GAGGACAATA TCCATGACTG CTCAAAACTT AAAAGTCCTT TGGGGGTCAA 
951 ATGGCATACG GCAGTCACCT ATGTGAACAG CTGCTTGTTT GTGGCCGTGC 
1001 TGGTGATTCT GATCGGATGT TACATAGCCA TATCCAGGTA CATCCACAAA 
1051 TCCAGCAGGC AATTCATAAG TCAGTCAAGC CGAAAGCGAA AACATAACCA 
1101 GAGCATCAGG GTTGTTGTGG CTGTGTTTTT TACCTGCTTT CTACCATATC 
1151 ACTTGTGCAG AATTCCTTTT ACTTTTAGTC ACTTAGACAG GCTTTTAGAT 
1201 GAATCTGCAC AAAAAATCCT ATATTACTGC AAAGAAATTA CACTTTTCTT 
1251 GTCTGCGTGT AATGTTTGCC TGGATCCAAT AATTTACTTT TTCATGTGTA 
1301 GGTCATTTTC AAGAAGGCTG TTCAAAAAAT CAAATATCAG AACCAGGAGT 
1351 GAAAGCATCA GATCACTGCA AAGTGTGAGA AGATCGGAAG TTCGCATATA 
1401 TTATGATTAC ACJGATGTGT_AGGCCT_TTTA TTGTGTGTTG GAATCGATAT 
1451 GTACAAAGTG TAAATAAATG TTTCTTTT 
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PREDICTED POLYPEPTIDE SEQUENCE OF HG03 

1 MGFNLTLAKL PNNELHGQES HNSGNRSDGP GKNTTLHNEF DT I VLPVLYL 
51 1 IFVASILLN GLKVWIFFHI RNKTSFIFYL KNIWADLIM TLTFPFR1VH 
101 DAGFGPWYFK FILCRYTSVL FYNMYTSIV FLGLISIDRY LKWKPFGDS 
151 RMYSITFTKV LSVCVWVIMA VLSLPNI ILT NGQPTEDNIH DCSKLKSPLG 
201 VKWHTAVTYV NSCLFVAVLV IL1GCYIA1S RYIHKSSRQF 1SQSSRKRKH 
251 NQSIRVWAV FFTCFLPYHL CRIPFTFSHL DRLLDESAQK ILYYCKEITL 
301 FLSACNVCLD PI1YFFMCRS FSRRLFKKSN IRTRSESIRS LQSVRRSEVR 
351 1YYDYTDV* 
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TRANSLATION OF THE HG03 OPEN READING FRAME 



10 30 50 

GCAAGTTGT TCCAGTAGTCGCCTGGCAGGAGAAT T TGAAAGGGTGCCCCAAAGGACAATC 

70 90 110 

TCTAAAGGGGTAAGGGAGATACCTACCTTGTCTGGTAGGGGAGATGTTTCGTTTTCATGC 

130 150 170 

TfTACCAGAAAATCCACTTCCCTGCCGACCTTAGTTTCAAAGCTTATTGTTAATTAGAGA 

190 210 230 

CAAGAAACCTGTTTCAACTTGAAGACACCGTATGAGGTGAATGGACAGCCAGCCACCACA 

250 270 290 

ATGAAAGAAATCAAACCAGGAATAACCTATGCTGAACCCACGCCTCAATCGTCCGCAAGT 

310 330 350 

GTTTCCTGACACGCATCTTTGCTTACAGTGCATCACAAGTGAAGAATGGGGTTCAACTTG 

MetGlyPheAsnLeu 

370 390 410 

ACGCTTGCAAAATTACCAAATAACGAGCTGCACGGCCAAGAGAGTCACAATTCAGGCAAC 
ThrLeuAl aLysLeuProAsnAsnG I uLeuHisGlyG I nG I uSerHi sAsnSerG I yAsn 

430 450 470 

AGGAGCGACGGGCCAGGAAAGAACACCACCCTTCACAATGAATTTGACAGAATTGTCTTG 
Ar gSerAspG 1 yProG I yLysAsnThr Thr LeuH i sAsnG I uPheAspThr 1 1 eVa lieu 

490 510 530 

CCGGTGCTTTATCTCATTATATTTGTGGCAAGCATCTTGCTGAATGGTTTAGCAGTGTGG 
ProVa I LeuTyrLeu Hell ePheVo I Al aSer 1 1 eLeuLeuAsnG 1 yLeuAl aVo I Trp 

550 — 570 -590 — 

ATCTTCTTCCACATTAGGAATAAAACCAGCTTCATATTCTATCTCAAAAACATAGTGGTT 
1 lePhePheHisI leArgAsnLysThrSerPhel lePheTyrLeuLysAsnlleValVal 

610 630 650 

GCAGACCTCATAATGACGCTGACATTTCCATTTCGAATAGTCCATGATGCAGGATTTGGA 
Al oAspLeu 1 1 eMet ThrLeuThrPheProPheAr g 1 leVolHi sAspA I oG I yPheG I y 

FIG. 3A 
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TRANSLATION OF THE HG03 OPEN READING FRAME 

670 690 710 

CCTTGGTACTTCAAGTTTATTCTCTGCAGATACACTTCAGTTTTGTTTTATGCAAACATG 
ProTrpTyrPheLysPhe 1 1 eLeuCysArgTyrThrSerVa I LeuPheTyrAI aAsnMet 

730 750 770 

TATACTTCCATCGTGTTCCTTGGGCTGATAAGCATtGATCGCTATCTGAAGGTGGTCAAG 
Tyr ThrSer I leVol PheLeuG I yLeu 1 1 eSer 1 1 eAspAr gTyrLeuLysVo I Vo I Lys 

790 810 ••; 830 

ccatttggggactctcggatgtacagcataaccttcacgaaggttttatctgtttgtgtt 

ProPheG I yAspSerArgMetTyrSer II eThrPheThrLysVa ILeuSerVolCysVo I 

850 870 890 

TGGGTGATCATGGCTGTTTTGTCTTTGCCAAAGATCATCCTGACAAATGGTCAGCCAACA 
TrpVo 1 1 1 eMetAI aVol LeuSerLeuProAsnl lei I eLeuThrAsnG I yG I nProThr 

910 930 950 

GAGGACAATATCCATGACTGCTCAAAACTTAAAAGTCCTTTGGGGGTCAAATGGCATACG 
G I uAspAsn I leHi sAspCysSerLysLeuLysSerProLeuG I yVo I LysTrpH i sThr 

970 990 . 1010 

GCAGTCACCTATGTGAACAGCTGCTTGTTTGTGGCCGTGCTGGTGATTCTGATCGGATGT 
A I oVo I Thr TyrVa I AsnSerCysLeuPheVo lAloVo ILeuVo III eLeui leGI yCys 

1030 1050 1070 

TACATAGCCATATCCAGGTACATCCACAAATCCAGCAGGCAATTCATAAGTCAGTCAAGC 
Tyr I leAloI I eSerAr gTyr I l eH i sLysSerSer ArgG I nPhe 1 1 eSerG I nSerSer 

1090 1110 1130 

CGAAAGCGAAAACATAACCAGAGCATCAGGGTTGTTGTGGCTGTGTTTTTTACCTGCTTT 
ArgLysAr gLysH i sAsnG I nSer 1 1 eAr gVo IValValAloVol PhePheThrCysPhe 

LL50_. 1 170 H9a 

CTACCATATCACTTGTGCAGAATTCCTTTTACTTTTAGTCACTTAGACAGGCTTTTAGAT 
LeuProTyrHi sLeuCysArg 1 1 eProPheThrPheSerH i sLeuAspArgLeuLeuAsp 

1210 1230 1250 

GAATCTGCACAAAAAATCCTATATTACTGCAAAGAAATTACACTTTTCTTGTCTGCGTGT 
G I uSerAI oG InLysN eLeuTyr TyrCysLysG lull eThr LeuPheLeuSerAI oCys 

FIG.3B 
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TRANSLATION OF THE HG03 OPEN READING FRAME 



1270 1290 1310 

AATGTTTGCCTGGATCCAATAATTTACTTTTTCATGTGTAGGTCATTTTCAAGAAGGCTG 
AsnVo ICysLeuAspProl I el I eTyrPhePheMetCysArgSerPheSef ArgArgLeu 

1330 1350 1370 

TTCAAAAMTCAAATATCAGAACCAGGAGTGAAAGCATCAGATCACTGCAAAGTGTGAGA 
PheLysLysSerAsn 1 1 eAr gThrArgSerG I uSer 1 1 eArgSerLeuG I nSerVo I Arg 

1390 1410 1430 

AGATCGGAAGTTCGCATATATTATGATTACACTGATGTGTAGGCCTTTTATTGTGTGTTG 
ArgSerGluValArgl leTyrTyrAspTyrThrAspVolEnd 

1450 1470 
GAATCGATATGTACAAAGTGTAAATAAATGTTTCTTTT 



FIG.3C 
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ALIGNMENT OF THE POLYPEPTIDE SEQUENCES OF HG03 WITH THAT OF THE 
HUMAN PLATET ACTIVATING FACTOR RECEPTOR. 



10 20 30 

hPAFR.pep MEPHOSSHMDSEFRYTLFPIVYSI IFVLGVIAN 

| :: : :|| : : | : : | 1 1 1 1 : : : | 
HG03 MGFNLTLAKLPNNELHGQESHNSGNRSDGPGKNTTLHNEFDT 1VLPVLYL I IFVAS1LLN 

- 10 20 30 40 50 60 

40 50 60 70 80 90 

hPAFR.pep GYVLWVFARLYPCKKFNE IK1FMVNLTMADMLFL I TLPLWI VYYQNQGNW1 LPKFLCNVA 
| ::|:| :: :| : :: | : : : j | : : : : | : | : 1 1 : : | | : :|j : 
HG03 GL AVW 1 F FH I RNKTSF I — FYLKN1WADL IMTLTFPFRIVHDAGFGPWYFKF ILCRYT 

70 80 90 100 110 

100 110 120 130 140 150 

hPAFR . pep GCLFF I NTYCSVAFLGV I TYNRFQAVTRP I KTAQANTRKRG I SLSLVIWVAI VGAASYFL 

: 1 1 : | | | : : 1 1 1 : | : : | : | : : | : : : : 1 1 : : 1 1 : : : : 

HG03 SVLF YANMYTS 1 VFLGL I S I DRYLKWKPFGDSRMYS I TFTKVLSVCVWV IMAVLSLPN I 

120 130 140 150 160 170 

160 170 180 190 200 210 

hPAFR.pep ILDSTNTVPDSAGSGNVTRCFEHYEKGSVPVL I IH1FIVFSFFLVFL I ILF-CNLVI IRT 

II II I h I : :| A'-'- \'\\- I ::| I 

HG03 IL— TNGQPTE — ON 1 HDCSKLKSPLGVKWHTAVT YVNSCLFVAVL V 1 L IGCY I AI SRY 

180 190 200 210 220 230 

220 230 240 250 260 270 
hPAFR . pep LLMQPVOQQRNAEVKRRALVWVCTVLAVF I ICFVPHHWQLPWTLAELG-F QDSKFHQA I 
: : | :: |j: : : | : 1 1 1 : 1 1 : | : | : ::|:|:::| : | : :: : 
HG03 IHKSSRQF ISQSSRKRKHNQS1RVWAVFFTCFLPYHLCRIPFTFSHLDRLLDESA0KI L 

240 250 260 270 280 290 

280 290 300 310 320 330 
hPAFR . pep NDAHQVTLCLLSTNCVLDPV1 YCFLTKKFRKHLTEKFYSMRSSRKCSRATTDTVTEVWP 

:::|| I : I llhll |: ::| ::| :| "|: : h 
HG03 YYCKE I TLFLSACNVCLOP 1 1 YFFMCRSFSRRLFKK-SN I RTRSES I RSLQSVRRSEVR 1 

300 310 320 330 340 350 

340 
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